Function Of The Bio: Computational Biology For Evolutionary Spatial Systems by Teixeira, Frederico Fialho
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ISTANBUL TECHNICAL UNIVERSITY «  GRADUATE SCHOOL OF SCIENCE 
ENGINEERING AND TECHNOLOGY 
Ph.D. THESIS 
JANUARY 2014 
 
FUNCTION OF THE BIO: COMPUTATIONAL BIOLOGY FOR 
EVOLUTIONARY SPATIAL SYSTEMS 
Frederico FIALHO TEIXEIRA 
Department of Architecture 
 
Architectural Design Program 
 
 
 
Anabilim Dalı : Herhangi Mühendislik, Bilim 
Programı : Herhangi Program 
 
 
  
    
JANUARY 2014  
 
ISTANBUL TECHNICAL UNIVERSITY «  GRADUATE SCHOOL OF SCIENCE 
ENGINEERING AND TECHNOLOGY 
FUNCTION OF THE BIO: COMPUTATIONAL BIOLOGY FOR 
EVOLUTIONARY SPATIAL SYSTEMS 
 
Ph.D. THESIS 
 
Frederico FIALHO TEIXEIRA 
 (502122016) 
Department of Architecture 
 
Architectural Design Program 
 
 
 
Anabilim Dalı : Herhangi Mühendislik, Bilim 
Programı : Herhangi Program 
 
Thesis Advisor: Prof. Dr. Arzu ERDEM 
 
  
    
OCAK 2014 
İSTANBUL TEKNİK ÜNİVERSİTESİ «  FEN BİLİMLERİ ENSTİTÜSÜ 
BİYOLOJİNİN FONKSİYONU:  
EVRİMSEL MEKANSAL SİSTEMLER İÇİN HESAPLAMALI BİYOLOJİ 
 
DOKTORA TEZİ 
 
Frederico FIALHO TEIXEIRA 
 (502122016) 
Mimarlık Anabilim Dalı 
 
Mimari Tasarım Programı 
 
 
 
Anabilim Dalı : Herhangi Mühendislik, Bilim 
Programı : Herhangi Program 
 
Tez Danışmanı: Prof. Dr. Arzu ERDEM 
  
 
iii 
 
Thesis Advisor :  Prof. Dr. Arzu ERDEM   .............................. 
 İstanbul Technical University  
Jury Members :  Assoc. Prof. Şebnem YALINAY ÇiNiCi ............................. 
Bilgi University 
Assist. Prof. Meltem AKSOY  .............................. 
Istanbul Technical University 
Prof. Dr. Semra AYDINLI   .............................. 
Istanbul Technical University 
 
  Assist. Prof. Dr. Can ALTAY  .............................. 
Bilgi University 
Frederico Fialho Teixeira, a Ph.D. student of ITU Graduate School of Science 
Engineering and Technology. student ID 502122016, successfully defended the 
dissertation entitled “FUNCTION OF THE BIO: Computational Biology For 
Evolutionary Spatial Systems”, which he prepared after fulfilling the requirements 
specified in the associated legislations, before the jury whose signatures are below. 
 
 
Date of Submission : 09 December 2013 
Date of Defense :  27 January 2014 
 
iv 
 
 
v 
 
 
 
 
 
To my spouse and children, 
 
 
 
vi 
 
 
vii 
 
FOREWORD 
"Until now all machinery is derived from nature, and is founded on the teaching and 
instruction of the revolution of the firmament. Some things have a view to greater 
convenience, they work out by means of machines and their revolutions, other by 
means of engines. Whatever it is found to be useful for investigations, for art and the 
established practices, can be improved step by step on always upon scientific 
principles." Vitruvius 
 
Written by architect Vitruvius over two millenniums ago this statement was a 
fundamental inspiration from a particular manner of looking at architecture and the 
world. Thus whatever is to be found in this document is with the intent of being an 
engine for art and architecture always upon scientific principles. Nonetheless the 
overall significance of this document covers a form in which generally humanity 
does not see the world, a holistic evolutionary system. The proof is expressed by 
over 2000 years of scientific, philosophical and artistic evolution for few, however 
the way humanity relates to the world through what evolution provided is based on a 
nonlinear history of dogmatic principles. 
Along with its tenets any set of principles provides a set of questions, independently 
of the willingness to answer those questions philosophy, art and science are 
instruments dealing with authoritarian principles of any kind. Thus a scientific 
undertaking is a possible structure for the fusion of art and philosophy, with an 
intention of providing knowledge. What characterizes the century that has just come 
to a close is that, while it experienced the saturation of these type movements, it 
failed to introduce a new one. Presently, this predicament manages to produce a kind 
of estrangement between art and philosophy, along with the pure and simple 
downfall of what was disseminated between them. Confronted with such a situation 
of saturation and closure, an attempt to propose a novel scheme, a new type of link 
between science, philosophy and art and its support for the artwork to be immanent, 
singular, and operating as supposed is extremely appealing. 
Thus the following study intends to be is a small contribution to exert an intrinsic 
relation about discourse, architecture and new media art. Nonetheless and beyond 
any dogmas or taxonomies this research is about the nature of space. It's not about 
any formal perfection, but instead about creative evolution and its deep philosophical 
and mathematical beauty. It is about the elation, the reaction and diffusion that uses 
space-time as a medium... It is about exceptional moments one feels elated by art and 
architecture. This is the kind of understanding this document should be associated to, 
as an idiosyncratic form of connecting art, science and philosophy as pinnacles of 
human evolution 
Hence this work is primarily dedicated to humanity, the ones who I do not know and 
will never meet. The ones who anonymously provided tools, knowledge and strength 
for this endeavor, and to the ones who do not share the same view but are willing to 
know it, and particularly for those forcefully oppose it. To the standing man and the 
coffee man… Without all of them, without all the exertions they represent this 
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contribution to knowledge – as modest as it maybe - would be impossible and so it 
would be evolution. Engulfed by humanity there is a minority who share and pursue 
knowledge as a universal construct, for all those my deepest appreciation as they 
valiantly and brilliantly stand for what formulated this study. Fortunately I was able 
to meet few of these creative minds, which are forever essential to this and further 
works, but are few-to-many to be individually acknowledged in these lines.  
For some this study was similarly part of their lives thus I would like to briefly and 
individually acknowledge them. Firstly and for those who were present in the 
beginning I would like to genuinely recognize Prof. Marcos Novak for his 
transvergent visions and initial guidance. Also Prof. George Legrady and Prof. Curtis 
Roads for their interdisciplinary visions and contributions. I would also like to thank 
Yutaka Makino, Nick Pisca, Wesley Smith, Graham Wakefield who provided me 
with crucial knowledge and tools to develop this endeavor, along with all the 
uncountable persons and the ones who participated in the Media Arts and 
Technology Program at University of California, Santa Barbara.  
Lastly I would like to show my gratefulness to the myriad of persons who directly 
contributed to this endeavor in the Technical University of Istanbul, Faculty of 
Architecture. Essential for in the outcome of the Function of the Bio is Assis. Prof. 
Meltem Aksoy a long time friend, who is an ethical and rigorous academician that 
prompted and made possible the second stage of this research. Similarly Assoc. Prof. 
Şebnem Yalınay Çinici who embarked in this project with critical questions and 
awareness. Lastly Prof. Dr. Arzu Erdem an admirable academician who suddenly 
influenced me through her practical philosophy and positive knowledge of the work 
presented which proved to be decisive with fundamental contributions for the 
conclusion of this research. To them, goes my deepest gratitude for allowing me to 
contribute to global knowledge, hopping that this modest input lays ground for the 
valuable and incessant creative evolution. 
 
 
 
 
December 2013 
 
Frederico FIALHO TEIXEIRA 
(Architect) 
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FUNCTION OF THE BIO: COMPUTATIONAL BIOLOGY FOR 
EVOLUTIONARY SPATIAL SYSTEMS 
SUMMARY 
Throughout history, the use of aesthetic principles derived from artistic, 
philosophical and scientific domains are emphatic factors in the fields of spatial arts. 
Similarly, architecture falls under the same principle. However, its scientific-based 
schemes are often simply introduced as form-finding techniques. By focusing into 
the biological realm, this synthesis intentionally extracts formal aspects; often 
neglecting integral parts of the biological system. Thus the combination of spatial 
arts and architecture through a biological paradigm potentiates dynamic spatial 
systems that can simultaneously acquire multiple formal models. This aspect draws a 
closer relation to the function of the biological model. By departing from the 
definition of the “Gesamkunstwerk” and in particular F. Kiesler’s work “On 
Correalism and Biotechnique”, the theoretical and conceptual contribution of this 
dissertation to the field of architecture is an open-ended construct that embeds the 
biological stance into multiple models and subsequent modalities of space. These 
diverse modes of expression combine new media and computational architecture into 
one space. As well as creating a biological body of design that is a ubiquitous and 
integrated biological network between new media and space.  
By considering the significance within an evolutionary form of “Gesamkunstwerk” 
the objective is to assess generative open systems that employ a biologically based 
network of dynamic traits, linking new media art forms and their respective spatial 
dimensions. The investigation discusses the function of biological originated 
strategies beyond representational models, by unfolding the genealogy in the 
engagement between new media and architecture. A correalistic assemblage between 
virtual and real spaces can characterize and potentiate biological modes of operation. 
Modern technology now enables us to go beyond physical dimensions into a virtual 
world, and this poses a challenge to media art more than it is generally perceived. 
Interactive, flexible and intelligent models are being called for. Whilst technology is 
taking us into the realms of virtual reality, media art is becoming more corporeal. It’s 
not a post-organic neither a post-humanist view, it is the extension of the human 
body and mind. It represents a narrative being used to express the merging of the 
body and technology brought about by electronic media.  
A radical change in representation and narrative is blurring the distinction between 
the organic and mechanic, and the artificial logic of the computer and the natural 
logic of man are being explored through new media and architecture. The concurrent 
application of the Correalist strategy with computational biology techniques of 
morphogenesis and cell signal network forms the qualitative basis of this 
dissertation. The dissertation aims to corroborate a combination of the fundamental 
fields of computational biology, new media art and architecture in order to 
understand how can the “Bio” factor function beyond form finding techniques and 
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acquire a quintessential and idiosyncratic significance of our era. The time-space 
understanding of architecture needs to reveal that the biological correlation between 
art and space can clarify design by the fusion of the multiple schemes. Eventually 
one becomes conscious not only of philosophy, technology, art and architecture but 
most importantly of the individual relation between them. The passive observer of 
space becomes a participant in space by bridging past and present into a collective 
work of art. The fusion of walls, floors and ceilings absorbs everything that comes 
into the architectural space, including the observer, who now becomes observed. By 
relinquishing artistic taxonomies, the artist or the architect promotes a new unity by 
creating novel spatial possibilities through the design of unique biological 
correlations. 
The definitions of the terms of Correalism and Biotechnique elucidates that Kiesler’s 
main objective was to instigate cultural awareness through a more scientific 
methodology to artworks. A complex process that involves not only the reform of the 
existing attitudes towards technology and environment, but also the reassessment of 
the designer's role in helping an holistic awareness. For Kiesler, the need to explain 
the invisible correspondence between things and actions places the designer as a sort 
of a visionary who mediates associations between disparate objects or concepts that 
would call attention to new meaning to a conscious audience. Under this perspective 
the artist's work is the connection between the present and the beyond and the 
artwork renders the link between the known and the unknown. 
The current biologically driven aesthetics has progressed from its original need to 
understand how organisms evolve and develop. This question and the ability of 
translating the biological information into algorithms produced the field of 
Computational Biology. This field also relates to the areas of computer science and 
applied mathematics to address biological problems using simulation and modeling 
techniques where data can be fed into algorithms. Consequently, the power of 
algorithmic translation allied with the morphogenetic process, which causes an 
organism to develop its form, provides access to a data driven generative processes 
that already have been appropriated by computational biology. 
Overall through the use of new media art or computational architecture, the reaction 
to any spatial element being this response either an environmental phenomena or a 
body, can be quantified and converted it into a signal. Within the same realms and 
from a biological point of view that signal can be delivered into an evolutionary 
construct. This approach feeds external new data into the system, which potentially 
causes the design to perform in specific modes. However, the constrain in the use of 
specific media limits the input and output into the space. Presently the biological 
approach to spatial design already integrates the morphogenetic design of space and 
certain human or environmental factors but avoids the integrated use of uniform 
morphogenetic strategies throughout multiple models and modalities. Thus 
constraining the operative potential of the biological factor. 
Inferred but independent from any natural or organic aesthetical principle, one of the 
main traits of biology is symbiosis, which allows the interaction between different 
organisms living in a close physical association. It is through this relationship with 
their environment that all organisms evolve including certain intrinsic spatial 
qualities. These assets delineate potential forms of physical interaction between the 
environment and the organism or between organisms themselves. 
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The spatial relations through symbiotic methodology rely as a co-evolutionary aspect 
of the artwork. These elements become the structural base to achieve and produce a 
coherent spatial composition. Similar to biology, the origin and evolution of such 
physical interactions might have one or multiple instigators, from the purely spatial 
ones until phenomenological and sensorial ones as motors of modalities. Resembling 
the Situationist art movement, circumstances might change while building up the 
work and consequently they do change the relationships themselves. Thus the 
construct needs to adapt according to new spatial circumstances or which types of 
media to use or even according to the instructiveness between user and object. 
Symbiotic spatial relations have key importance as they epitomize the functional 
structures and dynamics of a bio-artwork, providing a natural form of correlation 
between users, space and object. It is not about the physical output but the affordance 
of the dynamic input in which it interacts and correlates to space. 
Along with its inner biological process in the evolution of form, morphogenesis is 
directly correlated with its symbiotic relations. Morphogenesis is biologically 
defined as the process that causes an organism to develop its shape, along with its 
cell growth and cell differentiation. The computational effort in the understanding of 
this key biological process enhanced an integrated with biology which ultimately 
generated the field of Computational Biology. The overall purpose of Computational 
Biology enables to experiment multiple hypotheses, thus providing a deeper 
understanding how organisms evolve and develop. Additionally it allows an accurate 
comparison of the processes of development from the dry lab or in vitro with the wet 
lab or in vivo experiments. The main objective in the use of computational methods 
that express biological procedures is to understand its structure, as well as, to identify 
how the mechanisms work. The application and simulation of evolutionary strategies 
is fundamental criteria in the creation of biological systems. The computational effort 
in the understanding of this key biological process has collateral advantages that 
enhance other fields beyond Computational Biology that render novel approaches in 
media art and computational architecture. Yet the manner in which the 
morphogenetic process currently is appropriated, is generally detached from its 
biological aptitudes and merely used as a form-finding tool. 
This dissertation describes an exploration of the question, what is the “Function of 
the Bio” through the correlated use of evolutionary strategies and spatial systems 
hypothesis, which provided the impetus for a theoretical discussion and a formal 
approach to the understanding a biological-derived design. In addition, this 
exploration provided a basis for the creation of new works that have a biological 
interactive and immersive structure as well as reflecting our modern understanding of 
knowledge and nature. The grounds of this dissertation fell within the emerging 
fields of new media art and computational architecture and were inspired by 
experimental aesthetics developed and matured through a series of related works. 
The theoretical and conceptual construct contributes as an open-ended input to 
architecture by relating a biological stance to multiple models and modalities of 
space. By exploring the use of integrated use of biology-derived strategies in 
combination with multiple media and architecture goes beyond an automated 
structure of design solutions. Under an idiosyncratic biological standpoint, “Function 
of the Bio” is understood as an evolutionary structure of design modalities, which 
epitomizes a meaningful dynamic relationship between space and architecture. 
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BİYONUN FONKSİYONU: EVRİMSEL MEKANSAL SİSTEMLER İÇİN 
HESAPLAMALI BİYOLOJİ 
ÖZET 
Tarih boyunca artistik, felsefi ve bilimsel alanlardan çıkarılan estetik prensiplerin 
kullanımı, mekansal sanatlar alanında ön plana çıkan etmenlerdir. Benzer şekilde 
mimarlıkta da aynı prensip geçerlidir. Fakat bilimsel temelli şemalar genellikle 
sadece biçim-bulma teknikleri olarak lanse edilirler. İşin biyoloji boyutuna 
girdiğimizde ise bu sentez ister istemez biçimsel durumları akla getirir, ve 
çoğunlukla biyolojik bir sistemin bütününü oluşturan parçalarını ihmal etmemize 
neden olur.  
Biyolojik paradigma üzerinden mekansal sanat ve mimarlığın birlikteliğinin dirilişi, 
çoklu biçimsel modellerin eşzamanlı gerçekleşebileceği dinamik mekansal 
sistemlerin oluşma potansiyelini arttırır. Bu yanıyla oluşan mekanlar biyolojik 
modelin fonksiyonu ile daha yakın bir ilişki kurmaktadır. 19. Yüzyılın başında ortaya 
çıkan “Gesamtkunstwerk” hareketinin tanımından ve özellikle Kiesler’in “On 
Correalism and Biotechnique” çalışmalarından yola çıkarak, bu tezin mimarlık 
alanına yapacağı kavramsal ve teorik katkı, çoklu model ve bunu izleyen mekansal 
usullerin içine sokulmuş biyolojik tutumun oluşturduğu açık-uçlu bir kurgudur. Bu 
çeşitlilik arz eden ifade modları, yeni medya ve hesaplamalı mimarlığı tek bir mekan 
içinde birleştirir. Aynı zamanda yeni medya ve mekan arasında bütünleşik ve aynı 
anda her yerde olan biyolojik bir örgüyü, biyolojik bedensel tasarımı yaratır.  
Evrimsel formda bir “Bütüncül Sanat” (Gesamtkunstwerk) ın önemini göz önünde 
bulundurursak, bu tezin amacı yeni medya sanat biçimlerini ve ilgili mekansal 
boyutlarını birbirine bağlayan biyolojik tabanlı ağların dinamik özelliklerini istihdam 
eden üretgen açık sistemleri belirlemektir. Bu araştırma, yeni medya ve mimarlık 
arasındaki engajmanın zaman içindeki soyağacını açığa çıkararak, temsili modellerin 
ötesinde biyolojik olarak meydana gelebilecek stratejilerin fonksiyonunu tartışır. 
Sanal ve gerçek mekanların “şaşırtıcı derecede gerçekçi” (correalist) biraradalığı, 
biyolojik biçimlerde işleyişi karakterize edebilir ve etkili hale getirebilir. Bugün 
modern teknoloji sayesinde fiziksel boyutların ötesinde sanal ortama girebiliyoruz. 
Bu durum medya sanatlarına normalde algılandığının ötesinde bir meydan 
okumaktadır. Etkileşimli, esnek ve akıllı modellere ihtiyaç duyulmaktadır. Teknoloji 
bizi sanal gerçeklik dünyasına götürken, medya sanatları giderek daha da 
bedenselleşmektedir. Bu ne bir organiksonrası ne de bir insansonrası görüştür, insan 
bedeninin ve aklının uzantısıdır. Beden ve teknolojinin elektronik medyanın yol 
açtığı kaynaşmasının sonucunda ifadelenen bir öykü temsil edilmektedir. 
Temsiliyet ve öykülemedeki radikal değişim, organik ve mekanik arasındaki ayrımı 
bulanıklaştırmaktadır. Bu bağlamda bu tezde bilgisayarın yapay mantığı ve 
insanlığın doğal mantığı yeni medya ve mimarlık üzerinden araştırılmaktadır. Hücre 
sinyal ağ örgüsü ve hesaplamalı biyoloji tekniklerinden morfogenezin şaşırtıcı 
derecede gerçekçi stratejilerle eşzamanlı uygulanması, bu tezin niteliksel temellerini 
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şekillendirmektedir. Bu tez, “Biyo” (Bio) etmeninin, biçim bulma tekniklerinin 
ötesinde ve zamanın ruhunun kendine özgü ve en saf anlamını elde etmek işlevlerini 
nasıl yerine getirebileceğini anlamak için hesaplamalı biyoloji, yeni medya sanatları 
ve mimarlığın temel alanlarının birlikteğini onaylamayı amaçlamaktadır. 
Sanat ve mekan arasındaki karşılıklı biyolojik ilişkinin birçok düzenlemenin füzyonu 
ile tasarımı netleştirebileceği mimarlıktaki zaman-mekan anlayışı ile açığa 
çıkabilmelidir. Nihayetinde sadece felsefe, teknoloji, sanat ve mimarlık değil onların 
birbirleri arasındaki bireysel ilişkinin de en önemlisi olduğunun bilincine 
varılmalıdır. Mekanı pasif olarak gözlemleyen, geçmiş ve şu an arasında köprü 
kurarak müşterek bir sanat eserine dönüştürüp mekanın katılımcısı olabilmektedir. 
Gözlemleyen de dahil olmak üzere, duvarların, zeminin ve tavanın füzyonu mimari 
mekanın içine giren herşeyi özümseyebilir. Bu durumda gözlemleyen de gözlemlenir 
hale gelebilmektedir. Artistik sınıflandırmaları bırakarak, sanatçı ya da mimar, 
karşılıklı biyolojik özgün ilişkilerin tasarlanması ile alışılmışın dışındaki mekansal 
olasılıkları yaratarak yeni bir birlikteliği teşvik edebilmektedir. 
Tezi kurgulayan metodolojisi, çokboyutlu mekansal tasarımı içinde dört yaklaşımı 
içkinleştirmektedir. Bu belirgin modlardaki varoluşlar, kendi ortamları ile parallellik 
gösteren çoklu modelleri içermektedir. Yaklaşım aktarımları, bir mekandaki boyut 
sayısının deneyimini arttıran sarmal çevrelerin entegrasyonu ile yapılanır. 
Üçboyutsal özellikler hem sanal hem de gerçek mekanlarda örtüştüğünden dolayı, 
zaman tabanlı bir sistem yerel ve gelip geçici davranış halleri arasındaki sürekli 
iterasyonları açığa çıkarır. Bu durum da çoklu mekansal yaklaşımların arasında 
doğrusal olmayan etkileşimleri etkili hale getirir. Sonuçta, bilginin aktarımı 
hesaplamalı biyoloji ve spesifik morfogenetik modeller aracılığıyla stratejik olarak 
biçimden biçime giren sabit mekansal analizler aracılığı ile gerçekleşir. Bu modeller 
dinamik bir ağ topoğrafyası sunarak, biyolojik olarak örülmüş olan mimari sanatsal 
mekanın türleşmesi ve evrimini stimule eden biyolojik dinamik bir sistemi temin 
eder. 
“Şaşırtıcı Derecede Gerçekçilik” (Correalism) ve “Biyoteknik” (Biotecnique) 
terimlerinin anlamları Kiesler’in temel amacının sanat eserlerine daha bilimsel 
yöntemlerle yaklaşarak kültürel farkındalığı körüklemek olduğunu açığa çıkarmaktır. 
Sadece teknoloji ve çevreye karşı varolan tutumlarda bir reform değil, bütüncül 
farkındalığına yardımcı olan tasarımcının rolünün aynı zamanda yeniden 
değerlendirildiği karmaşık bir süreçtir. Kiesler’e göre, şeyler ve eylemler arasında 
görünmeyen uyuşmaları açıklama ihtiyacı tasarımcıyı bir anlamda bambaşka, bilinçli 
bir izleyicinin dikkatini çekebilecek yeni anlamları barındıran objeler ve kavramlar 
arasında ilişkiler kurabilen bir vizyoner kimliğine büründürür. Bu bakış açısı ile 
sanatçının işleri şu an ve ötede olanın arasındaki bağ ve bilinen ve bilinmeyeni 
ilişkilendiren gerçeklemelerdir. 
Şimdiki biyolojik güdümlü estetik, organizmaların nasıl evrim geçirdiği ve geliştiğini 
anlamaya çalışan asıl ihtiyaçtan yola çıkmıştır. Bu soru ve biyolojik bilginin 
algoritmalar aracılığı ile tercüme edilebilme becerisi Hesaplamalı Biyoloji alanının 
ortaya çıkmasına neden olmuştur. Aynı zamanda bilgisayar bilimi ve uygulamalı 
matematik alanları ile de ilişkili olan bu alan, algoritmaların içine veri beslemesi 
yapan modelleme teknikleri ve simulasyonların kullanımı ile biyolojik problemlerin 
çözümünü de ele alır. Bunun sonucunda, algoritmik tercümelerin gücü, bir 
organizmanın biçimini geliştirmesine neden olan morfogenetik süreçle biraraya 
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geldiğinde, hesaplamalı biyoloji tarafından sahiplenen veri tabanlı üretgen süreçlere 
erişim sağlamaktadır.  
Sonuçta yeni medya sanatları ya da hesaplamalı mimarlığın kullanılması ile, 
herhangi bir mekansal unsura reaksiyon, ki bu da çevresel bir fenomena ya da beden 
olabilir, ölçülebilir ve bir sinyale dönüştürülebilir. Bu çerçevede ve biyolojik bir 
görüşle bu sinyal evrimsel bir kurguya teslim edilebilir. Bu yaklaşım, çevresel yeni 
verilerin sistemi beslemesi ile tasarımın spesifik modlarda performans göstermesine 
sebebiyet verebilir. Bununla birlikte, kullanılan spesifik medyadaki kısıtlama mekana 
girdi ve çıktıları sınırlandırmaktadır. Şimdilik mekansal tasarıma biyolojik yaklaşım 
zaten mekanın morfogenetik tasarımı ve bazı insan ya da çevresel etmenleri 
birleştirmektedir, fakat çoklu modeller ve yaklaşımlar aracılığı ile morfogenetik 
stratejilerin değişmeyen tarzda kullanımından kaçınmaktadır. Bu da biyolojik 
etmenin geçerli potansiyellerini kısıtlamaktadır.  
Herhangi bir doğal ya da organik estetik prensipten bağımsız olmasına rağmen öyle 
anlaşılan biyolojinin temel boyutlarından biri “ortak yaşam”dır (symbiosis). Ortak 
yaşam yakın fiziksel ortaklıklar içinde yaşayan farklı organizmalar arasında 
etkileşime olanak verir. Çevreleri ile kurdukları bu ilişkiler aracılığı ile bütün 
organizmalar bazı kendine özgü mekansal nitelikleri de içererek evrim geçirirler. Bu 
mekansal nitelikler organizmalar ya da çevre ve organizma arasındaki fiziksel 
etkileşimlerin potansiyel biçimlerini betimler. Ortak yaşam yaklaşımı aracılığı ile 
kurulan mekansal ilişkiler sanat eserinin birlikte evrimleşmesi bakış açısına itimat 
etmektedir. Bu unsurlar uyumlu bir mekansal kompozisyonun yaratılması ve 
başarılması için yapısal bir temel olmuşlardır. Aynı biyolojide olduğu gibi, bu tip 
fiziksel etkileşimleri başlatan ve evrimine neden olan bir ya da birçok etmen olabilir. 
Bunlar en saf halleriyle mekansal olan ya da daha fenomenolojik ve duyusal olan 
yaklaşım motorları olabilir. 
Aynı “Durumcu” (Situationist) sanat akımını çağrıştıran bir anlamda, yapılan işi inşa 
ederken etmenler değişebilir ve sonuç olarak ilişkileri de değiştirebilir. Bu sebeple de 
kurgu yeni mekansal durumlara ya da hangi tip medyayı kullanması gerektiğine ya 
da kullanıcı ve obje arasında bilgilenmeye göre uyum sağlayabilmelidir. Ortak 
yaşama dair mekansal ilişkiler bir biyo sanat eserinin fonksiyonel ve dinamik 
yapısını deneyimleyen, mekan ve obje arasında doğal biçimlenişle şaşırtıcı derecede 
gerçekçilik sağlayarak örneklediği için kilit önem taşımaktadır. Fiziksel çıktıdan çok 
dinamik girdinin mekanın etkileşim ve ilişkilenme şeklinden gelen olası durumları 
ile ilgilidir. 
Morfogenez, biçimin evrimindeki içsel biyolojik süreçlerin yanısıra onun ortak 
yaşam ilişkileri ile de doğrudan ilgilidir. Biyolojide bir organizmanın hücre 
farklılaşması ve büyümesinin yanısıra şeklini geliştirmesine neden olan süreç olarak 
tanımlanmıştır. Bu kilit biyolojik sürecin hesaplamalı bir şekilde anlaşılmaya 
çalışılması biyoloji bilimi ile birleşerek Hesaplamalı Biyoloji alanını üretmiştir. 
Hesaplamalı Biyolojinin genel olarak amacı, organizmaların nasıl evrim geçirdiği ve 
geliştiği üzerine birçok hipotezi derinlemesine anlamaya çalışmaktır. Buna ek olarak, 
kuru laboratuvar ya da deney ortamında ve ıslak laboratuvar ya da yaşamda 
deneylerle gelişimin süreçlerini kesin kıyaslamalarla ortaya koyar. Biyolojik 
prosedürleri açıklayan hesaplamalı yöntemlerin kullanılmasındaki temel amaç, 
yapılarının nasıl olduğunu anlamaya çalışmanın yanısıra mekanizmalarını 
tanımlamaktır. Biyolojik sistemlerin yaratılmasındaki temel kriter evrimsel 
stratejilerin uygulanması ve simülasyonudur. Bu kilit biyolojik sürecin hesaplamalı 
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bir şekilde anlaşılmaya çalışılmasının ikincil avantajlarından biri de Hesaplamalı 
Biyolojinin ötesinde medya sanatları ve hesaplamalı mimarlık gibi diğer alanlarda 
yenilikçi yaklaşımları çoğaltmasıdır. 
Morfogenetik sürecin mekansal ve formel özellikleri, içsel kuralların mekansal 
etkileşimle tümleşmesi sonucunda ortaya çıkan evrimsel mekanların imal edilmesi 
potansiyelini içermektedir. Aynı biyolojide olduğu gibi, sadece bazı modüller 
sensörler aracılığı ile çevresiyle etkileşime girerek spesifik bilgiye sahip olurlar. 
Aslında, kodun içinde bilginin işlenme biçimi mekansal reaksiyonları, ki bu da 
genotip yani biyolojik kopyasını andırır, tetikleyerek arketipte eylem gerçekleştirir. 
Biyolojik terimlerle, bu prosedürlerin dizilimi morfogenez sürecine tekabül 
etmektedir. Bu süreç biyolojide genotip ve fenotip arasında iki katmanlı dinamik 
ilişki olarak da açıklanabilir.  
Bu tez evrimsel stratejiler ve mekansal sistemler hipotezinin ilişkili kullanımıyla 
“Biyonun Fonksiyonu”nun ne olabileceğini araştırır. Bu araştırma biyolojik bir 
motivasyonla tasarlanmış bir anlayış için teorik ve formel bir yaklaşımı temin 
edebilir. Özel olarak biyolojik bir görüşle, “Biyonun Fonksiyonu” (The Function of 
the Bio), tasarım usullerinin evrimsel yapısı olarak mekan ve mimarlık arasında 
anlamlı dinamik bir ilişki özetler. 
 1 
1.  INTRODUCTION 
The influence of biology in architecture throughout history is significant and 
profound. Presently architecture and its paradigms thrusts a state of confusion, by 
offering glimpses of a recent industrial past through a mnemonic encounter between 
aesthetics, industry and space. From a scientific standpoint, this structure is 
becoming increasingly obsolete by means of technology, as space is increasingly 
unfolding towards cyberspace and also by means of engineering; as machines are 
becoming biologically integrated through the realms of nanotechnology and 
biotechnology. Nevertheless in architecture the deterministic configuration of the last 
century still lavishes the present. 
Within this notion of biological influence, both artists and architects have 
increasingly adopted the use of multiple interrelated art forms to express one space. 
The biological notion has been also appropriated by philosophers in the likes of 
Deleuze and Badiou, which address this disparate spatial relation in their works on 
“Being” and “Event”. Indeed, architecture can compose and subsequently build an 
intended space. As such, the construction and future existence of such a space is then 
constantly susceptible to the same perceptive factors or dogmatic principles. 
Presently, electronic music, visual arts and some forms of architecture allow different 
types of relations, as it’s possible to navigate through music or to touch the virtual. In 
a time where glimpses of living architectures or virtual worlds levy their eloquence, a 
new species of works emerge that defy current taxonomies. Biologically influenced, 
these projects embody a hybridization that encapsulates aspects of several fields into 
a single artwork. While the fusion of different practices to create a single artwork is 
not entirely new, a distinctive concept in recent history is the use of new media based 
in the electronic and the digital domains, which provides a common language to 
create this artistic speciation.  
New media allows the formation of spatial systems via digital and electronic signals 
across art forms. It is a common language that establishes a base by which 
architecture and media arts may dynamically connect spatial dimensions at a more 
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fundamental structural level than was previously possible. Due to this connection, 
visual arts, music, and architecture go beyond the classical composition of the 
previously distinct, one might say, individualized artistic practices. In contemporary 
art and architecture, these practices shape a new species of spatial artwork, merging 
at a structural level a systematic information space to its form. This connection 
allows new media to go beyond a synthetic addition of various art practices, and 
create a new form of art practice. 
Spliced at a structural level, the methodology focuses in an integrated use of 
computational biology and new media seeking to combine different levels of spatial 
information. The strategy proposed in this document intends to combine the use of 
computational biology strategies in architectural design with second order 
cybernetics and bio-cybernetics in order to achieve a symbiotic information system 
between man and space. These techniques gradually have been fundamental parts of 
new media or architectural works, yet the integration of biological and spatial traits 
has often been constrained. 
The integration of biological based strategies within the strands of architecture has 
somewhat a brief, nonetheless developed background. Also known as digital 
architecture, this form of designing centers its efforts in the use of digital tools by 
modeling, programing and simulating potential structures. It is within this frame that 
biology, and in particular computational biology, is used as a design strategy. Vastly 
based on the formal power of morphogenesis as a natural process in the generation of 
form, current digital architectural design trends successfully use the morphogenetic 
stance without fully exploring its capacities. Similar to digital architecture, 
computational biology is also a recent interdisciplinary field that combines computer 
engineering and biology in order to accurately study complex biological systems, 
among other uses. Indeed morphogenesis is part of the computational realm of 
biology and its research goes beyond the complexity of simulating organism growth. 
In opposition, this is precisely the point where digital architecture falls short in the 
use of biological strategies, hence the critical point where this study focuses as an 
original contribution to architectural knowledge.  
The proposed methodology centers its study in what kind of morphogenetic aspects 
can be used in order to instigate a more natural correlation between user, media and 
space. Within the biological discourse, the fundamental process of morphogenesis 
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causes an organism to develop its form through simultaneous event of cell growth 
and cell differentiation. This last particular attribute is explicitly exploited in this 
research by using its differentiating characteristics towards different spatial 
modalities. Hypothetically the strategy asserts a specific morphogenetic model of cell 
growth and cell differentiation to generate and mediate a multimodal space. In this 
manner the research asserts possible procedures by accurately linking biological 
growth to spatial proliferation and biological differentiation to distinctive spatial 
modalities. These modalities express sonic, visual and spatial qualities that expose 
the open and multiple dimensions of a biological mediated space.  
With foundations that articulate the use of biological strategies both in the fields of 
architecture and new media, the research lays a methodology for spatial design based 
on computational biology integrative construct of new media and architecture. It is 
within this frame of work, the methodology centers its focus solely in specific 
qualities that link architectural and new media projects. Due to the lack of utterly 
related projects, the research extracts compelling evidences and crucial 
understandings from adjacent projects, mostly produced throughout the last century 
without obliterating its context and background.  
Concluding, the language and ideas presented to support the concepts and assertions 
that inform this document are obtained from an array of sources that include the 
historicity of new media and architecture, with a particular focus on the Total Work 
of Art. The articulation of the research is supported by characteristic language found 
in the field of biology with specific interest in the evolutionary process of form, also 
known as morphogenesis. The outcome intends to remain an idiosyncratic link 
between multiple art forms within an evolutionary biological system of spaces, by 
emphasizing the meaning of the Bio and its possibilities in architecture. 
1.1 Objectives 
The overall purpose is to expose a latent relation between architecture and the 
biological paradigm beyond form finding techniques, what could be understood as an 
biological stance of the Total Work of Art. Within the realm of Digital Architecture 
the use morphogenesis simply emerges from an etymological understanding, as the 
creation of form. 
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Nonetheless biologically speaking this process of development is fundamentally 
parallel to the aspects of cell growth and cell differentiation. This particular attribute 
is openly addressed by using its differentiating characteristics towards different 
spatial functionalities, which can be understood as modalities. Additionally, from a 
procedural standpoint, the aim is to generate a symbiotic system between user, media 
and space through the use of specific limited morphogenetic processes, which can be 
subsequently decoded into multiple modalities. 
Similarly to the array of specific spatial attributes, the organic trait of a biological 
function is defined in the way an organism relates to life. Objectively, the Function 
of the Bio aims to push the understanding of designing within the biological 
paradigm as a ubiquitous spatial approach. Within the vast and complex array of 
biological procedures exploited in art and architecture, the use of specific 
morphogenetic phases, which precisely potentiate growth and differentiation, should 
have similar correlation within a spatial system, a sort of evolutionary Total Work of 
Art. 
1.2 Contribution 
The exploration on the Function of the Bio intends to extend the biological 
parameters already used in new media and architecture. The usage of the prefix  
“Bio-” intends to acknowledge a wide range of experimental art and architectural 
forms that use biology in their design methods. The use of biological procedures 
range from Algorithmic Art and Architecture by its use of genetic algorithms to Bio-
Digital Architecture which adds conceptual use of biological traits, right through 
Bio-Art where actual biological techniques are used in the making of architecture.  
Following its etymological foundation the term “Bio” accurately means the course of 
human life; nonetheless the sense is extended in modern science as the course of 
organic life. Therefore and under this premise the term “Bio” defines an open ended 
construct that allows multiple relations or involvement with life, both natural – by 
relating with the body- and artificial by the use of computational systems of 
behavior. 
In order to achieve any kind of biological relation the Function of the Bio proposes a 
spatial system based in information structures derived from computational biology. 
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This construct denominated Evolutionary Spatial Systems, presents a structural 
process derived from the field of Evolutionary and Developmental Biology1 that 
focuses on biological associations among evolutionary processes of different 
organisms. Within the Evolutionary Spatial Systems construct this particular field of 
biology structures a systematic relation between multiple art forms, analogous to its 
original purpose.  
The Function of the Bio follows a philosophical and formal line of reasoning to 
understand the relationship between architecture and new media through biology. 
This proposition explicitly works as an incentive for the creation of dynamic systems 
that own multiple spatial structures, therefore reflecting a specific understanding of 
space. Accordingly, the research entails cybernetic and immersive art forms along 
with architecture, which invoke a contemporary concept of the Total Work of Art 
through the scientific realm of biology.  
1.3 Outline  
The dissertation renders an open-ended unrestricted construct that combines a 
theoretical and technical understanding through a hypothetical model. This 
dissertation is intended to allow the formulation of any art or architectural form that 
withstand a precise biological function. 
The theoretical exposition includes a look into past relations between biology, 
architecture and media art, which is laid out in Chapter 2. This section gathers 
epistemological principles from the Total Work of Art, Algorithmic and Evolutionary 
Architecture perceived as crucial precedents to the dissertation. This section due to 
its biological trait, provides the transition to the investigation of specific biological 
processes of morphogenesis and its modular qualities. 
Subsequently, Chapter 3 focuses and analyses central methodologies used in 
precedent practices. In this manner, this section centers its studies on Friederich 
Kiesler’s On Correalism and the Biotechnique, in order to establish a link between 
multiple art forms and their dynamics in space. These factors assist and potentiate 
                                                
 
1 Evolutionary and Developmental Biology (also known as Evo-Devo), is the understanding of 
evolution, and how to create complexity by simple procedures, by modes of understanding 
construction and the identification of its working mechanisms. 
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biological networks between different art forms. Which are subsequently followed by 
Evolutionary Spatial Systems, which analyze forms of establishing dynamic links 
between multiple media. 
Based on the Methodology segment, the Structure section lays out a hypothetical 
structure. The construct presents the use of a particular algorithmic design strategy, 
which is substantiated by the use of immersive spatial systems. These systems allow 
the connection of multiple spatial mediums under one biological stance, thus 
profiting from the autopoietic system of reproducing and maintaining itself within 
this particular structure. 
Initially proposed in the outline as an open-ended construct, Chapter 5 presents an 
epistemological form of making, the Techné. This section presents and tests models, 
which partially or totally characterize the elaborated construct throughout the 
dissertation. Finally, the conclusion recapitulates the main contributions of the 
dissertation, and summarizes its main message in a brief final section. 
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2.  FOUNDATIONS 
The foundations and context of Function of The Bio are intertwined between new 
media art and architecture. This section will review the foundations of this relation, 
by the historical use of technology as a contributive element in the architectural 
realm. Furthermore, it subsequently contextually instigates the origins of the 
Gesamkunstwerk or Total Work of Art2 as a historical break from the traditional 
forms of art by its technological correlation to space. The concepts described in this 
section provide a context for a discussion of the Function of the Bio in terms of its 
methods and structures, is based on the relation between the concept of the Total 
Work of Art, new media and digital architecture. 
An entrenched argument in architecture is “technology”, as it fabricates the spatial 
pinnacles of its own era. This architectural concept can be originally linked to the 
one presented by the architect Vitruvius3 around 25 B.C., which was then understood 
as spatial machines. Being a major source on classical architecture, its geometry and 
relation to human proportions, the book also includes an initial reference to spatial 
machines.  According to Vitruvius spatial machines are understood as elements 
derived from nature that contain either the latest technology or geometry along with 
performative and spatial intents. These intentions are particularly exposed in his 
work De Architectura, specially in the last two books, which are solely focused to 
machines – pneumatics, sundials and siege machines - which have direct or indirect 
architectural implications. In his definition the need for these artifacts, might arise 
from the need to set something in motion, along with a system of established rules. 
As such these apparatus are therefore part of an integral spatial system that acts or 
reacts accordingly. Vitruvius interest not only lies in space but also asserts the 
                                                
 
2 The origin of Gesamkunstwerk or the concept of Total Work of Art is attributed to the philosopher 
Eusebius Trahndorff and was subsequently developed by Richard Wagner both in theory and practice. 
3 The architect Marcus Vitruvius is the author of The Ten Books on Architecture, the first written 
document that exposes critical aspects in architecture (Vitruvius, 1970). Within this manuscript the 
last book is of particular interest as the author describes the multiple use of spatial machines and their 
relation to the surrounding environments. Specifically both the Wind and the Sun Towers are both 
architectural examples of performative and spatial systems. 
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perspective to a greater convenience of these investigations within the scientific, 
technological and artistic fields.  
This line of reasoning is exposed throughout world history where the highlights of 
the technological, aesthetic and scientific evolutions are obviously striking by their 
three-dimensional features. Instances of this evolution is Egypt of the Pharaohs 
highlighted in the “Pyramids”, while Classical Greece produces the Parthenon and 
the Middle Ages are reflected in the gothic cathedrals. Present since the classical 
Hellenistic and Roman periods as exposed by Vitruvius, these technological 
pinnacles are also investigated through out the Renaissance. In this cultural 
movement spatial machines remain with active and spatial objectives. These can be 
found in the theatrical machinery developed by Filippo Brunelleschi4. In this case the 
purpose of these structures was for theatrical performances by which characters 
would be able to fly and appropriate different organizations of the stage. 
Yet being an initial and practical approach to a spatial system, this setting is seen as a 
critical combination of technological, scientific features – rudder systems and weight 
distribution - with performative intents that ultimately have calculated spatial 
consequences. It is also remarkable while examining history the development of 
spatial systems has its conceptual base in either analytical or scientific constructs that 
are continuously expressed by architecture or spatial arts. Independently of their 
taxonomy, historically each field demonstrates the potential to deploy innovative 
spatial modes of occupation, either as stable more towards architecture or dynamic in 
closer relation to spatial arts. This can also be seen as, stable as a present and actual 
element of space and dynamic as a variable and potential factor of space. Thus these 
spatial forms of engagement contain a way to exercise their influence on actual and 
potential spaces, or in other words on real and virtual spaces. This influence is part of 
a continuous process, leading both to the appropriation and creation of new territories 
in spatial design, in which is one key aspect of this research. 
                                                
 
4 Filippo Brunelleschi was an important architect and engineer of the Renaissance, critcal in the study 
of perspective and theatrical machines that include flying capabilities and visual effects such as 
explosions and fireworks. Accurately portrayed in the church of San Felice and accounted in his 
biography written by Antonio Manetti. 
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Any spatial engagement being artistic, scientific or technological nature emerges 
according to its zeitgeist5, and techne, characterized by the principles of a particular 
era. This natural relation of recurrences, and the mankind’s pursuit to attain and 
ataractic state, which reiterate the idiosyncratic logic of evolution. Historically the 
techné and the ataractic state are closely related, as both terms are fundamental 
elements of Epicureanism6 philosophy. Named after its originator, this idea supports 
that freedom from fear known as ataraxia, can be achieved through the knowledge 
how the world works through the nature of things. Epicurus based his philosophy in 
the Theory of Atomism, first to be developed by Leucippus claiming, “the natural 
world consists of two opposite and indivisible bodies the atom and the void”. Among 
his precursors is Zeno of Elea7 who was interested in the problems of space and time, 
being the known as the Paradoxes of Motion 8. The Atomist philosophy also became 
a crucial element in the evolution of knowledge that proliferated from Hellenic era 
and was extended into the Roman period by Lucretius famous poem De Rerum 
Natura. Atomism faded with the end of the Roman Empire, and this philosophical 
endeavor did not emerge in western culture until the Renaissance supported by 
figures such as René Descartes, Pierre Gassendi, Robert Boyle and Giordano Bruno 
among others, which reinitiated the transference of knowledge until the present day.  
Including philosophy, mathematics, physics, astronomy among other disciplines, this 
idea pursued scientific knowledge about the structure of the universe. Parallel to 
matter and the atom, issues of space and time were also part of the agenda as 
presented in the works of Zeno and Aristotle. Into some extent the spatiotemporal 
relations currently epitomize a critical factor in multi-mediated environments, the 
relation between real and virtual spaces. 
Along with the philosophy of Atomism, it took until the Renaissance Era for the 
interest between spatial arts and machines to reappear. It happened in the work De Re 
                                                
 
 
6 Epicureanism define by Epicurus is a system of philosophy based on the theory to reach a state of 
calmness through knowledge. 
7 Zeno of Elea, Pre-Socratic Greek famous for his paradoxes in particular the arguments against 
motion described by Aristotle’s in his work Physics. 
8 The Paradoxes of Motion are presented in Aristotle’s work Physics and state in particular that motion 
is an illusion. 
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Aedificatoria written by the architect Leon Battista Alberti9, where he sets rules of 
architectural proportioning in the context of Renaissance mathematical practice. This 
practice includes geometry, mathematics and astronomy as scientific counterparts. 
By the interdisciplinary use of mathematics, the novel approach of this set of rules is 
exposed through a didactic use of well-founded Theories of Harmony extracted from 
music. In his exposition it is described that his architectural practice is not analogous 
to the musical scheme, however the Pythagorean arithmetical foundations are shared. 
In this work through the use and understanding of mathematics, technology and art, 
Alberti makes the first direct connection between music understood as the 
composition of sound, to architecture as the composition of space. His work 
emphasizes and further corroborates the context of this dissertation by structuring 
and composing space by the distinctive use of multiple media and technologies. 
Yet within the Renaissance emerges another factor that is a critical aspect of this 
construct, the field of embryology. Known in general by more prominent art works 
and studies, Leonardo Da Vinci’s10 interests ranged from art to engineering and 
biology, being of particular relevance his specific interest in medicine, which 
consequently resulted in the vigorously depicted works. Concurrently his particular 
interest in biology laid grounds for what is now known as the beginning of 
embryology11. Embryology is a critical aspect since it focuses on the processes of 
how an organism becomes existent, both functionally and formally, a crucial 
property in which the Function of the Bio lays its foundations. Acquiescent to this 
philosophy, the operative formalization between biology, media and space, 
delineates the understanding about many elements intimately interconnected, thus 
becoming in a contextualized idiosyncratic element of this study.  
                                                
 
9 Leon Battista Alberti is taken as one of Renaissance’s Universal Man. Poet, philosopher, architect 
among other occupations, his holistic approach to the composition of space by means of geometry, 
mathematics and music is presented in the work De Re Aedificatoria. This written work also revises 
and complements the work De Architectura written by Vitruvius. 
10 Leonardo Da Vinci is known as the perfect example of Renaissance, being among other occupations 
an artist, engineer, mathematician and scientist. His art works include the Vitruvius Man, the Mona 
LIsa and The Last Supper.  
11 Embryology studies the development of fertilized cells or unborn offsprings– embryos, Embryology 
can be traced back to Aristotle where theorized about epigenesis in the work On the Generation of 
Animals. 
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2.1 Context 
The establishment of the context of the Total Work of Art is spread through the 
history and practice of fields such as media art and architecture. Despite the fact that 
media art and architecture share an interdisciplinary practice, architecture was tied up 
in tectonics up until the end of the nineteenth century, despite of the fact that it has 
also been a vessel for thousands of years of philosophical, scientific and aesthetic 
constructs. The brief history of the media arts on the other hand, is based on 
numerous disciplines, styles, and structures, from which its myriad of artworks can 
be difficult to categorize through the current taxonomical structure. Works of art  
categorized under media arts share a common basis in technology and new media 
resulting from new technologies, and have a strong focus on the virtual. This virtual 
component provides true potential and flexibility to dynamically communicate with 
many other art forms, including architecture. 
Consequently it is only through the history of various artistic and architectural 
practices that the context of Total Work of Art will be determined. The content in this 
chapter will define the background, methods, structures, and properties of Total 
Work of Art and generative art forms from the vantage of art, music, and architecture 
that has a clear scientific and technological influence. The contextual result of this 
framework will found a background for media art and architecture, and will also 
provide a basis on which discussion and argumentation about the form of an 
evolutionary stance in which a Total Work of Art may occur. 
Parallel to the consistent evolution of science, this dissertation aims to examine the 
details of new media art, and architecture, and how these intricacies create spaces 
that encourage a symbiotic relationship with the human body and mind. Independent 
of any canon, body and mind are constantly being induced by space, both physically 
and mentally. Therefore, it is inevitably relevant to examine ways humans can 
interact with space—in this particular case, with mediated spaces—in order to 
understand different expression modalities. While visual arts and architecture 
developed through thousands of years, mainly due to technology the evolution of 
new media in visual arts has just begun in the last century. 
The historical record of architecture provides an ongoing connection between 
architects, artists, and engineers working simultaneously towards a spatial outcome. 
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This experience, however, vanishes if we introduce the multimedia factor, as 
understanding in the same sense for this still-developing field is roughly a century 
long. With the increase of technology came the intrinsic rawness of multimedia, 
providing both the challenge and opportunities to interact with space in novel and 
deeper modalities.  
In architecture and the visual arts the creation of space is attributable to the 
individual who formally composes that space. However, this formal quality might be 
insufficient in order to define spatial qualities, especially if we look at architectural 
masterpieces. These masterpieces, dependent on their era or on the dogmas that 
informed their creation, stand as crystallized spatial moments throughout time, 
similar to painting and sculpture. Nevertheless, canons change, as does the 
understanding of space. Currently a fundamentally new understanding of space is 
emerging, multi-mediated spaces, one that carries with it an added set of dimensions, 
a virtual space. This additional dimensionality allows dynamic communication 
between spaces, providing the possibility for spatial interaction between virtual and 
real spaces. It allows architecture to detach from its tectonics without disregard of 
their formal composition by adding structural continuity and fluidity to the vast list 
of architectural qualities. Marcos Novak defined these types of spaces as “Liquid 
Architectures”. 
“If we described liquid architectures as a symphony in space, this description should still fall 
short of the promise. A symphony, though it varies within its duration, is still a fixed object 
and can be repeated. At its fullest expression a liquid architecture is more than that. It is a 
symphony of space, but a symphony that never repeats and continues to develop. If 
architecture is an extension of our bodies, shelter and actor for the fragile self, a liquid 
architecture is that self in the act of becoming its own changing shelter. Like us, it has an 
identity; but this identity is only revealed fully during the course of its lifetime” (Novak, 
2001, p.76).  
The overall objective of this dissertation is to link these formal and structural 
qualities in an insightful manner through the use of computational biology as a 
formal and structural construct for spatial expression between. The production of 
multi-mediated spaces or “architectures” requires some scientific and technical 
knowledge; however, as these factors are part of the current technical knowledge that 
will develop in those interested in creating these types of spaces, as they are part of 
the current idiosyncrasy and will consequently be developed.  
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Nonetheless, along with the union between formal and structural qualities in space, 
the promise of dynamic architectures engenders creative possibilities that might 
potentiate a new qualitative understanding of space, and thus a new kind of space. As 
previously mentioned, this understanding is not argued from a designer’s standpoint. 
The development of an idiosyncratic kind of space is in a continual state of flux. 
Therefore those who undertake this progress are persistently motivated to meet the 
vision made possible by the latest methods in the production of spaces. 
2.2 Total Work of Art  
To review the foundations and origins of integrated art and architectural works, this 
section will use and identify the concept of Total Work of Art. This chapter will also 
depict the use of space as a description of form in non-mediated environments and 
examine the origins of Total Work of Art as a parallel culture in relation to the 
traditional forms of art. Finally describe the connection between visual arts, music, 
and architecture and the increased influence of science. The concepts depicted in this 
section offer a contextual framework for the construct of an evolutionary Total Work 
of Art in terms of its methods, structures, and properties. 
The formation of the Total Work of Art milieu is implicit through the history and 
practice in the realms media art and architecture. Despite the fact that both fields 
share an interdisciplinary practice, architecture was wedged in the gentle evolution of 
construction techniques until the end of the nineteenth century. Yet it also has been a 
crucial carrier of philosophical, scientific and aesthetic paradigms for thousands of 
years. On the other hand, the brief past of the new media is funded on the 
associations between numerous disciplines and structures that disrupt current 
taxonomical designations. Works categorized under media arts share a common basis 
in technology and new media resulting from new technologies, and have a strong 
focus on the virtual. This virtual component provides true potential and flexibility to 
dynamically communicate with many other art forms, including architecture. 
The semantics of “Total Work of Art” immediately urges a conceptual discussion. 
Total Work of Art can be defined as any work of art that makes use of all or many art 
forms, or strives to do so (Jordan and Packer, 2002). The definition of the Total Work 
of Art can be witnessed in Richard Wagner’s works whith the appraisal for the 
revolutionary passions along with his vision on the future of music and art.  This 
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understanding was clearly and thoroughly depiected in his writings “The Art-Work of 
the Future and Other Works” (Wagner, 1993;1849). However, upon further research 
it is clear that both the term and its taxonomy are not so straightforward. Its origin 
comes from the German “Gesamtkunstwerk”, and its translation to English has 
variously been rendered as total work of art, ideal work of art, universal artwork, 
synthesis of the arts, comprehensive artwork, all-embracing art form, and Total 
Work of Art. Without disregarding the other definitions, and for the purposes of this 
document, the chosen designation of Total Work of Art provides an understanding of 
a deep composite connection between many art forms, all subordinated into a single 
space. 
Etymologically the source of Total Work of Art emerges in the mid nineteenth 
century by Eusebius Trahndorff and was also articulated by Richard Wagner through 
the conceptualization of the “Artwork of the Future”. Wagner foresaw the artwork of 
the future as the embrace of the collective artwork, a work of multiple media. He also 
emphasized this in the term “Gesamtkunswerk”, where until then the disconnected 
branches of art as music, architecture, painting, poetry, and dance would reach new 
relational levels, defined as "Drama". The concept of Drama emerged from classical 
Greece, in which theatrical works were performed by actors on a stage before an 
audience. These setting already included the potential for collaborative modalities 
(i.e., between audience and performer, between performer and performer, and 
between performer and space), both in form of production and as a collective mode 
of experience. Subsequently he produced the piece Artwork of the Future, where it 
was presented in a dark theater with surround sound (in the form of reverberation), 
with an orchestra pit and the seating audience facing the stage. Indeed, Wagner’s 
Artwork of the Future could be seen as a renaissance of the Greek amphitheaters. 
This side of Wagner—the “Gesamtkunswerk” and his unifying approach towards the 
arts—currently represents the basis of contemporary multimedia and, subsequently, 
as a distant (but first) basis for virtual environments. 
The concept of Total Work of Art, along with its holistic understanding of space, 
soon proliferated to the field of architecture, where a prominent architect Walter 
Gropius, and the founder of the Bauhaus school in 1919, appropriated the notion. 
With the axioms of “The building of the future” and “art and technology - a new 
unity”, the Bauhaus school was a critical proponent of this line of thinking. This new 
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trend related both the functional and aesthetic aspects of architecture to all artistic 
fields.  
The background along with the notion of Total Work of Art provides an 
understanding of a deep composite connection between many art forms, all 
subordinated into a single space. This initial description is critical for the strategy 
applied in this document, as it asserts a profound structural and formal complexity 
between various kinds of art. This stance is in opposition to other meanings that 
include the synthesis of all art forms. The distinction lies both in kind and degree12, 
as it does not represent a synthesized understanding of an art form, nor an absolute 
quantity or universe of art works. Instead, it hypothesizes a speciation linking 
lineages of artworks with the potential to evolve into a new species of artwork due to 
its biological structure. 
 
Figure 2.1 : On Correalism and the Biotechnique (Kiesler, 1939). 
Departing from Friedrich Kiesler’s manifesto “On Correalism and Biotechnique” 
where the elemental understanding of a biological cell correlates man, environment 
and technology into one design (Figure 2.1). Subsequently under the umbrella of 
                                                
 
12 Difference in kind and degree is presented in the G. Deleuze work “Difference and Repetition” where he builds 
a qualitative and quantitative distinction as “pure difference” and “complex repetition,” as a proposition for a new 
image of thought. 
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computational biology, the work of John Frazer “Evolutionary Architecture” 
conveys an interrelation between man, environment and technology through the use 
of second order cybernetics (Bullivant, 2005). 
This section intends to present and assess spatial systems that are supported by an 
array of specific projects that reveal conceptually, methodologically, or structurally 
properties critical for the construct of spatial systems. Following the concept of Total 
Work of Art, these schemes focus on the system of interconnected artworks and 
spaces that define the overall environment. The works presented range from media 
art, that include “Liquid Architectures” by Marcos Novak, to architecture, 
concentrating on the "Vision Machine" by Frederick J. Kiesler, the Philips Pavilion 
by Le Corbusier and Iannis Xenakis, Evolutionary Architecture by John Frazer and 
Water (H2O) Pavilion, by NOX architects.  
By assessing these works, it will be possible to read space as a set of interrelated 
elements system through the methods by which singular art forms exploit space, and 
also examine the methods and relationships between different artworks that are 
defining a space collectively; in short, constitute an amalgam of the Total Work of 
Art concept and the virtual reality evolution described earlier. The exposition of the 
methods and structures of the constructs previously presented form a basis for the 
definition of the elements forming a space. 
2.2.1 Organic Architecture 
Although the overall concept of Total Work of Art was similar in the field of 
architecture, this approach described is specifically known as Organic Architecture. 
The discourse endorsed the harmony between human habitation and the natural 
world, forming a proposition that was open to interpretation and took several paths 
and followers (Wright and Meehan, 1992). Organic Architecture provided the 
required understanding of the natural in order to pursue in different processes and 
methodologies. Spaces that are developed according to harmony between human 
environment and the natural world through design approaches concerned and 
integrated with its site. Confluent to the Bauhaus philosophy Organic Architecture’s 
buildings, furnishings, and surroundings become part of a unified, interrelated 
composition. 
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Figure 2.2 : Falling Water Residence (Wright, 1935). 
 Among them we can find the architects Frank Lloyd Wright who originally coined 
the term Organic Architecture, as well as Alvar Aalto and Antoni Gaudi, who 
designed their structures from shell, through landscape into the details and 
furnishing. In addition to the composition of a total space, there is also an organic 
aspect to their respective aesthetic languages. This natural aspect is part of the 
understanding that everything relates to everything else, reflecting the symbiotic 
ordering systems of nature. The organic pivotal elements were form, materials and 
motifs that are set by basic ordering principles for masterpieces such as, Falling 
Water Residence (Figure 2.2) and the La Sagrada Familia (Figure 2.3). Despite the 
less expanded interdisciplinary component this philosophy developed critical 
processes in which progressive modularity, analogue algorithms and unified 
organisms are fundamental aesthetic considerations into current digital based new 
media and architectural discourses. 
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Figure 2.3 : La Sagrada Familia by Gaudi started in 1883 (McCarthy and Gaudi, 
2012).  
In art and architecture one of the most revealing paradoxes of our time unfolds when 
progressive development, within technological and scientific thinking, generally 
culminates in the reductive practice and superficial use of historical forms. The 
inconsistency presents itself in method of creating, as spatial arts and architecture 
forms often detach themselves from deeper significance by composing formal 
structures that lack equivalent principles within the technological and scientific 
fields. A clear example is the wide definition of Organic Architecture, understood to 
have an intimate relation between human habitation and the environment. But then 
again this taxonomy both applies to works of F. L. Wright and F. Kiesler, 
independent of their understanding of the organic. 
The influence of science was becoming clearer as Organic Architecture theories 
developed, in particular Kiesler’s “Endless Space”. While Organic Architecture 
 19 
propounded its aesthetic as an end in itself that could best emulate nature, an inherent 
biological construct was already present. 
 
Figure 2.4 : Endless House model (Kiesler, 1958). 
A testimony of it is the work “Endless House” in 1958 by artist and architect 
Frederick J. Kiesler13 (Figure 2.4). His membership to De Stijl, facilitated his own 
relationship with many of the constructs of the European avant-garde. Kiesler’s 
interests in cinema and other new art forms led him to thoroughly study the dynamics 
and fusion of multiple media into one space. Kiesler’s investigations into a 
multidimensional space represent the beginnings of what would become a radically 
new concept of form and content, appropriately called “Endless Space”. Kiesler’s 
postulates were related to the Correalist Theory developed during the 1930’s. This 
theory provides to the wide definition of the organic, a biological and therefore a 
scientific stance, where the relation between human, space and environment, are 
connected to organic features that go beyond aesthetical expressions (Kiesler, 1939). 
 
                                                
 
13 Frederick J. Kiesler painter, sculptor, architect and visionary which contributed for an holistic 
understanding of space with works which include the Endless House and The Vision Machine. 
 20 
2.2.2 New media and architecture 
In order to attempt to effectively enhance the definition of biological traits in design, 
as this dissertation proposes, it is necessary not only to create formal spatial elements 
but also to transfer them into other media. Taking into consideration the technical 
requirements of this principle, historical evidence presents us with the earliest 
examples being drafted dated back to the 1930’s. The theoretical construct of linking 
media and architecture derived from the Total Work of Art.  
Without being mentioned or prior to its existence the concept of Total Work of Art 
was occasionally intrinsic to certain architectural movements, such as the Baroque 
and later on the Art Nouveau. For both Baroque and Art Nouveau styles, the 
architectural design would be responsible for the entire building, including its 
exterior form, accessories, furnishings, and landscape. Within this perspective, 
buildings can be considered total works of art in which architecture and the figurative 
arts are united to express a predominant idea (Vidalis, 2010). 
The technological developments of the industrial revolution along with the founding 
of the Bauhaus school, arrived a holistic understanding of space intact and evolving 
beyond predefined taxonomies. The members of the Bauhaus school swiftly 
proliferated this understanding. In addition to its academic importance, the Bauhaus 
redefined the artistic discourse of the time with the goal of blending all the arts into 
an ideal unity. This particular kind of thinking and making art brought into their 
ranks Oskar Schlemmer, Paul Klee, Wassily Kandinsky, Theo van Doesburg 14 and 
El Lissitzky15, among other artists and architects. Along with this particular group, 
who came to be prominent members of the avant-garde movement, there was 
proliferation and similar understanding of space outside of the Bauhaus. The concept 
of creating a space by using many art forms both erupted and spread throughout the 
world of art and architecture. 
Simultaneously, in 1923 the architect Le Corbusier defines in his work “Vers une 
Architecture”, a modern machine-inspired architecture, where a house is “a machine 
for living in” he alternates a deductive argument about the rational process of 
engineering along with an architectural process of “the masterly, correct and 
                                                
 
14 Promoted De Stijl, the Dutch Style school of design. 
15 Student of Kazimir Malevich which endorsed the Russian Constructivism. 
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magnificently play of masses brought together in light“. While conclusively Le 
Corbusier attempted to assert the dominance of historical discipline of architecture, 
in reality technological thinking was increasingly dominant in the definition of the 
modern world and concurrently in the definition of architecture that existed in that 
world.  
By following this line of thought, it was not by chance Le Corbusier developed some 
of his most interesting works within a more rationalist and interdisciplinary process. 
Along with Iannis Xenakis16 he built the La Tourrete Monastery among others 
projects. Reinforcing his believe in spatial unity he included the composer Edgard 
Varése17 to project the Philips Pavilion for the Expo 52 (Figure 2.5). In reality the 
Philips Pavilion is one of the first built multi-mediated spatial environment that offer 
an overall statement about the unity of space by the usage of mathematics, 
technology, new media and architecture.  
 
Figure 2.5 : Philips Pavilion for the Brussels 1952 World Expo by Corbusier, 
Xenakis and Varése (Treib, 1996). 
                                                
 
16 Iannis Xenakis engineer, architect and composer, his works on the Philips Pavillion and Polytope 
have particular relevance due to their multidisciplinary understanding of space. 
17 Varèse's was the inventor of the term "organized sound", meaning that some timbres and rhythms 
can be joined together resulting into a whole new definition of music. 
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Iannis Xenakis clear and innovative understanding of architecture and spatial unity 
are fundamental elements for the development of his works. By transferring his 
multidisciplinary knowledge in mathematics architecture and music, allows the 
creation of new spatial appropriations. When he developed his work as an 
independent engineer in making calculations for a construction company, while 
focusing up to its musical and mathematical research. This is when he published the 
first version of Musique Formelles where Xenakis applies his favorite paradigm the 
hyperbolic paraboloids also used in the Philips Pavilion and the Polytopes. 
 
Figure 2.6 : H2O Pavilion by architects (Oosterhuis and Spuybroek, 1997). 
Later on when in 1966 Paul Virilio and Claude Parent who previously collaborated 
with Le Corbusier, develop the concept of “Function of the Oblique” they achieve 
the tactile relation and the intense spatial perception of architecture. Space is no 
longer dominated by the visual, by facades, but it will totally inform the human body 
of the existing and the potential spatiality. The oblique plane in addition to being 
considered an instigator of tactile relation a haptic is also the third axis in the 
Euclidean system, which offers the opportunity for habitable surface and circulation 
to become one continuous space. Nevertheless the allocation of human activities on 
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sequences of oblique surfaces cannot be exactly defined, without requiring a ruled 
geometry of potential relations that extrapolates us to a virtual level of function a 
level we can identify as rhizomatic. A contemporary example of the integration of 
sonic, visual and architectural correlation is the H2O Water Pavilions by project 
Dutch architects Kas Oosterhuis and Lars Spuybroek for the Water Expo in 1997 
(Figure 2.6). The project entails a dynamic system within which there is a constant, 
computer-mediated interaction between users, environment and building. Where 
every moment is different and unexpected making the space not just an experience 
but also an unparalleled experience of integrated of new media and architecture. 
Taking into account exceptions that occur through time this transportation of 
information into other modalities adds extensive and intensive18e qualities to the 
iteration of space, which also influences the visual and sonic media. It is here 
perhaps, that we may find the kind of thought and discussion that results in the 
speciation of a culture with its foundations in spatial arts. The formation of this 
distinct form of culture derives from the Total Art Work defined by Eusebius 
Trahndorff and additionally used by Richard Wagner19. It is in these intensive and 
extensive qualities that a resolution of what might be a overall spatial association 
between art and technology is being attempted. 
The seemingly delicate opposition between art and technology places into 
perspective the recurrent relations of our cultural era, often identified as the 
information society with the industrial society in the beginning of the 20th century. 
In order to associate the two fields art and technology modernism created new 
aesthetics, new geometries, new representational techniques, which became the new 
tools and symbols of the industrial society. The information society present ability to 
direct our search or research to a level equivalent to the one of the modernists it’s not 
enough. Given that presently applications and computer networks challenge the very 
concept of form as something solid, stable and limited in space and time. The 
objective can be reached via the analysis of innovative methodologies administer 
spatial systems which include multiple models and modalities.  
                                                
 
18 In the work “Intensive Science and Virtual Philosophy” Manuel Delanda defines intensive space as 
it progressively differentiates to yield extensive structures  (Delanda, 2013). 
19 R. Wagner’s essay “Art and Revolution”. 
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By combining the recent history of new media architecture and their appropriation of 
electronic and digital by means of tools and methods, it is possible to observe a 
simultaneous convergence in the discourse of philosophy, science and arts. As such, 
design methods and concepts are experiencing a mutation that results in new spatial 
formations, parallel to the development of new materials, strategies and tools. These 
are fundamental factors, which introduce a growing level of differentiation between 
industrial and information societies. It is this differentiation as a “form of 
revolutionary struggle and organization” (Deleuze and Guattari, 1987), that carries 
within itself a clear opportunity to rethink design strategies. For the first time the 
present conjuncture has the theoretical and technical ability to combine new media 
and architecture under a biological stance of holistic milieus. 
2.2.3 Virtual environments and architecture 
The Gesamtkunswerk and its synthetic approach towards the arts currently forms the 
basis of contemporary multimedia and consequently of virtual environments. As 
conceptual constructs for new media and architecture evolved, the fundamental 
search for replicating the senses in life became the primary goal of both art and 
science. This replication and understanding of the virtual is important, since it is 
from the real we can afford to experience the virtual. For an individual being in a 
space - architectural or not - is natural, as we gradually experience and adapt to its 
rules from birth. Through the senses we are always connected to the space that 
surrounds us. If we examine virtual environments as the relationship and 
development of multiple media with the human body, there is the crucial aspect of 
connecting the body and senses to a parallel reality or in this particular case a parallel 
environment. The technicality required for such an endeavor requires a brief 
technical introduction of some fundamental factors of multimedia and its relation to 
the body. 
In order to be transported to another environment without being a passive experience, 
requires some form of communication between the body and the virtual environment. 
This form of communication is known as Cybernetics. The word “cybernetics” is 
based on the Greek term for steersman and implies the usage of a device in order to 
interact with machines. In fact, this is the premise for all human and computer 
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interactivity. The first publication by Norbert Wiener20 using the term “cybernetics” 
appeared in 1948 (Wiener, 1965). The objective of such a theory was in order to 
convey that relation between humans and machines would improve quality of life, 
and simultaneously would decrease the fear of dealing with machines. 
Consequently, in any environment interaction or viewing of information requires 
storage and classification, as the same issue occurs in virtual environments. 
Vannevar Bush21 examined this issue in the 1940s when he studied how information 
could be stored and accessed as history progressed, and more information of all sorts 
accrued. The mechanical system that he proposes was a new approach to gather and 
share this information. The structure would work as an expansion of memory that 
would organize materials according to the individual personal associations, such as 
texts, sounds, images or movies. It would account for the mind’s capability to 
connect thoughts, instead of filing within any preconceived taxonomy. Although the 
proposition was based in mechanical technology known as the MEMEX, the 
machine would be able to rely on making connections that wouldn’t be considered by 
any logical boundaries while searching for a subject. The work of Bush offered a 
path of relations or links that would be available to everybody; this same conceptual 
thought is in practice today known as the hyperlink.  
The first time life was successfully simulated with a virtual environment was in the 
1950’s. The film director Morton Heilig22 was the first to create what we now know 
as virtual reality. Heilig created the multisensorial simulation of “being there” for the 
audience, and with his extension of cinema with the stimulation of the senses, 
demonstrated the potential power of the artwork of the future. Heilig thought that the 
extension of cinema would involve images and sound, and would also eventually 
incorporate all the senses. A depiction of this understanding is the “Sensorama” 
machine, as he believed the cinema of the future would be able to relinquish its 
solely voyeuristic aspect, in the general sense of observing actors passively and 
become a truly habitable cinema, a virtual world (Figure 2.7).  
                                                
 
20 Norbert Wiener an American mathematician, considered the originator of cybernetics, 
21 Vannevar Bush was an American engineer, inventor. 
22 Morton Heilig, an America cinematographer considered as the “Father of Virtual Reality”. 
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Figure 2.7 : Sensorama project by Heilig in 1957, created a multisensorial 
simulation  and stimulation of the senses (Jordan and Packer, 2002). 
Perhaps in a secondary level of relevance but which adds vital depth to the 
experience of the virtual, Ivan Sutherland23 provided an important step towards the 
concept of Virtual Environments and presented it with the title of the “Ultimate 
Display” in the year of 1957 (Figure 2.8). This display incorporated the computer 
into the design, construction, navigation, and habitation of virtual environments. This 
was implemented in a head-mounted display an apparatus that was used to insert the 
user into a visually simulated three-dimensional world. This device was later 
updated, incorporating headphones for sound surround, a microphone for speech 
recognition, and the data-glove (a wired glove that allowed the interaction of objects 
with the virtual space). This multisensory experience generated a strong connection 
with digital spaces, a connection that was later formulated as the “tele-presence”. 
This concept carried the idea of projecting the self into a virtual location with 
integrated natural multisensorial capabilities.  
                                                
 
23 Ivan Sutherland, an American computer scientist and Internet pioneer. 
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Figure 2.8 : Ultimate Display by Ivan Sutherland in 1965, allowed navigation,and 
habitation of virtual environments (Jordan and Packer, 2002). 
Despite the somewhat advanced visual qualities of virtual environments the lack of 
haptic interaction was a critical step to overcome. One could see but could not 
manipulate the visualizations, thus undermining the potential qualities of direct 
interaction with the virtual realm. In 1967, GROPE project was develop by computer 
scientist Frederick Broks with the scientific purpose of interacting with protein 
molecules through a haptic and display of 6-D force fields (Figure 2.9). This point 
was the beginning of immersive environments as one is now fully absorbed by the 
possibility of interaction with the virtual. 
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Figure 2.9 : GROPE project was develop to manipulate molecules in a realtime 
virtual environment by Frederick Broks in 1967 (Jordan and Packer 2002). 
Following to the technical fundamentals of multimedia the immersive environments 
relation with new media art was initiated in the 70’s by Myron Krueger, which 
established an artificial reality laboratory called the Videoplace (Figure2.9). His idea 
with the Videoplace was the creation of an artificial reality that surrounded the users, 
and responded to their movements and actions, without being encumbered by the use 
of goggles or gloves. Within new media art his research propelled the use of 
immersive environments as complex chains of influence and to potentiated the 
reinterpretation of additional spaces. The Videoplace System combined a 
participant's live video image with a computer graphic world. It also allowed the 
coordination of the behavior of virtual objects and organisms so that they seem to 
react to the movements of the user’s image in real-time. 
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Figure 2.10 : Videoplace artificial reality laboratory (Krueger, 1974). 
Architecture became finally integrated in the 1990s. This combination occurs when 
architect Marcos Novak used the concept of projecting the self into a virtual location 
in his works. By introducing architecture into these visionary worlds formulated a 
new way of inhabiting the virtual environments via what he called a Liquid Space 
(Figure 2.10). This space would contain an architecture, which was built worlds from 
morphogenetic processes and embodied dynamic traits of continuous ephemeral 
elements, as he explains in his essay Liquid Architectures in Cyberspace (Novak, 
1999). These spaces were environments emerged from mental places and were 
simultaneously designed to the same psychological premise. These architectural 
assemblies were dynamic and allowed individuals to navigate through spaces where 
the visual and sonic aspects create a multidimensional time-space environment, in 
this manner potentiating new mediated ways to access and use space. 
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Figure 2.11 : An instance of Liquid Architectures in Cyberspace project (Novak, 
1999). 
Largely the trail defined through the fusion of new media, architecture along with 
technology, progressed into multiple art forms that determined the fundamentals of 
what can be seen as a active version of the Total Work of Art. Departing from the 
innovative clear approach of the Total Work of Art, and its development through the 
Bauhaus, the avant-garde movement as it relates, but not constrained to new media 
art. The concept of an artwork comprising numerous unified art works has emerged 
from its independent understanding and taken its place in the mainstream of new 
media. Autonomous of the art form, the technology or the concept, both the strains 
and the prospects are set. The strains stand as the placement of this realm into the 
current taxonomy; whereas the prospects, are the introduction of this domain as a 
form to evolve space through any form of open-end communication. 
2.3 Algorithmic Architecture 
Contextually, algorithmic strategies have established themselves within the 
contemporary architectural discourse mainly by pure practicality. Nonetheless, other 
than technical understandings algorithms and architecture have the potential to 
establish a relation between the mathematical powers the computer offers, 
independent of the medium. From this fusion algorithmic architecture offers other 
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paths within the design process. In order to actually make creative use of the 
computer one must go beyond the paradigm of Computer Aided Design (CAD). The 
ability or capacity a computer unleashes is only comprehensible through the use of 
programing, and this is mainly achieved by the use of algorithms. Within this 
perspective, this section focuses to the exploration of the potentials and limitations 
that algorithmic techniques can bring to architecture. 
Despite the major impulse provided by the proliferation of personal computers to 
algorithmic architecture, its foundations are not fundamentally linked with 
computers. Technically algorithms have been linked to architecture in the form of 
computed and cybernetic systems since the 1950s. Nonetheless the advent of 
automation is a recent endeavor, which is currently shaping the process and discourse 
of spatial design. 
 
Figure 2.12 : Basento Viaduct by Sergio Musmeci in1974 (Nicolleti 1999). 
Within 20th century, several modernist architects also used mathematics in order to 
upheld their works. Currently it is possible to see some architectural works using 
computational methods to achieve similar results. The following projects are 
extracted from a wide range of algorithmic design, which has been produced by both 
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digital and analogue modes. These projects expose aptitude for organic and complex 
forms as they evolve beyond any type of design movement, instead they depart from 
a particular methodology and understanding of architecture. The algorithmic relation 
between the Basento Viaduct project (Figure 2.12) and Galataport proposal by 
KolMac (Figure 2.13) corroborates this construct. Both the project of the Basento 
Viaduct designed by the engineer Sergio Musmeci and the Galataport proposal by 
KolMac Studio use the same mathematical principal of minimal surfaces in order to 
reduce the area of a structural surface, nonetheless there is a 40 year time-span in 
between. At this point it is important to differentiate between pure algorithms that are 
mathematically automated functions, and thus constitute the basis for novel forms of 
architecture.  
 
Figure 2.13 : Galataport Proposal by KolMac Studio in 2006 (Natura Magazine, 
2014). 
The ability of automation is due to the use of the computer and this might precisely 
determine the opportunity of rethinking certain of the essential architectural 
archetypes that only computation can afford. Moreover, if we consider the computer 
not only as an extension of ourselves, but rather as an entity in the design process, 
this will fundamentality increase different capacities and methods to think and design 
space. This is the precise point where biological driven algorithms acquire their own 
autonomy. There are stimulating features in the conception of design that centers its 
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focus in the unveiling or the rediscovery of space. An instance of this creative 
assessment is the Custom Mass Housing: Discursive Grammar project by José 
Duarte, which successfully designed an algorithm that follows and executes the 
principle layout by the original Alvaro Siza’s Malagueira Housing (Figure 2.14). 
The stimulus becomes even more profound when automation takes control of this 
process.  
 
Figure 2.14 : Customizing mass housing: a discursive grammar for Siza's 
Malagueira houses (Duarte, 2003). 
By being constructed as an iterative procedure algorithms are most effective with the 
use of computers. Their function is to address a problem by offering a solution - or 
set of solutions - in a finite number of recurrences. By incorporating this technique in 
architecture, the designer who previously envisioned an outcome now has to wait for 
the result. Since in order to solve a design problem the algorithm has to go through a 
number of iterations to produce a design solution. The creative mode of control is 
embedded in the general design principle however its outcome is now recursively 
conducted and analyzed in order to match the algorithm’s logic. This mathematical 
reasoning is what gives rise to algorithmic taxonomy. In the specific case of Genetic 
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Algorithms (GAs), a similar principle is applied nevertheless with a number of 
systematic measures, which will be further clarified in Chapter 3.  
While there has been an increasing interest in the use of algorithms in architectural 
design, their operative relation to architecture is still an open field. However, the 
utilization of algorithms goes beyond being a trend it has become a necessity. The 
inevitability occurs in their generative ability to find solutions by simultaneously 
addressing the concerning problems of complexity in function and form of 
architectural design. If we look at the history in architecture the term of Algorithmic 
Architecture (Kostas, 2006) has been very recently introduced to the field. Similarly 
to other design techniques, algorithms are used to accommodate specific needs of 
architecture. Nonetheless they may also expose original and complex forms, which 
emerge as the main difference to classic non-automated mode of designing.  
Due to their nature algorithms are often used in building industry as a tool for design 
optimization. This instrument has been implemented due to the requirements of 
building industry, in order to achieve the best possible building performance, the 
highest reliability as well as budget control. For instance one of the basic purposes of 
structural optimization is to minimize the overall weight, in order to minimize the 
cost of material. These optimization strategies can be included among other 
structural, acoustic, lighting, energy and spatial attributes of a building. With the 
increasing demand of the global market for more effective and complex architecture, 
the utilization of algorithms, as one of numerous optimization techniques became an 
architectural requirement. A necessity recently translated into Parametricism that is 
also part of the vast array of digital based methodologies of design (Schumacher, 
2012). An algorithmic form of design that enters into all areas of architecture, by 
incorporating systematic, adaptive variations as well as continuous differentiation in 
order to achieve control of something so complex. 
Along with Parametricism the vast majority of algorithmic design is comprised of 
three basic mechanisms. As depicted in the Kartal master plan proposal by Zaha 
Hadid Architects, the first is the objective function that provides a minimal or 
maximum set of control, the second is the designation of a set of design variables 
that affect the value of the objective function, and the last mechanism is the 
determination of a set of parameters that allow the design variables to have certain 
values (Figure 2.15). This algorithmic tendency however, even in the case of 
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necessity allows the possibility for architects to select specific algorithmic 
techniques. Indeed, there are many other algorithmic methods, including logical, 
deterministic and non-deterministic. The selection of a particular algorithm technique 
should be based on the specific needs and nature of a problem and how efficiently 
that particular algorithm can perform. 
 
Figure 2.15 : Parametricism approach used for the Kartal master plan by Zaha 
Hadid Architects (Studio Zaha Hadid et al., 2011). 
The changes in the design process and the role of designer are one of the most 
important implications of the utilization of algorithms. In the case where algorithmic 
methods are used as an optimization tool those changes are inconsequential to 
architecture. Even if it may appear that algorithmic design is leading to the 
replacement of the designer from the creative loop, this is not really the case. It is 
certain the designer or the engineer is the one who can decide what will be the 
approach by setting the variables and the functions of the problem. Overall 
algorithmic techniques are just another tool available to the designers, which enable 
to simplify the design cycle by automating required calculations.  
On the other hand, algorithms are predominately used to breed new forms rather than 
merely to design them, hence they are used as a form generation tool. These 
implications are more important, since algorithms acquire a relevant use during the 
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conceptual design phase. As fascinating as it maybe the idea of breeding buildings 
inside a computer, the simple use of digital technology without functional, structural 
and topological thinking is clearly insufficient to achieve a coherent architectural 
outcome. Certainly there are numerous difficulties in the application of algorithms in 
architecture, there is potential to play a more effective role in the future of 
architecture. Still in order to achieve architecture out of algorithms, some steps must 
be manually and rationally done. A key problem in today’s algorithmic architecture 
is that the original algorithmic function is manipulated during the design process and 
in the end the original optimal solution vanishes, by using an algorithm as form 
finding process. In the next stage of the design process, this form will need to change 
so as to fit the required design program or performance, and once these factors are 
added with the conventional tools, the digital factor will risk loosing its optimal 
solution.  
Primarily the solution for an architectural problem embodies a specific reason and a 
fundamental factor that determines the construct. The reason emerges from a context, 
which derives from a quantity of information that subsequently increases level of 
complexity involved in an architectural design. The fundamental factor is the various 
building performances that include but are not constrained by aesthetic, spatial, 
functional and structural considerations. All these performances interact with each 
other and cannot be considered separately. On the other side, there is the potential of 
GAs. Their abilities lie in finding optimum design solutions from indeterminate 
search intervals that are simultaneously constrained by multiple input factors. This 
particular rhizomatic structure can be addressed through GAs searching methods for 
tackling complex problems. Indeed GAs can provide a solution for the reason, taking 
into account the fundamental factor. But then again it is impossible even for a GA, 
for to foresee all the formal and functional congruencies of architectural design.  
A possible solution to this drawback is the coordination of generative tools with 
optimization tools through an integration of a twofold algorithm of sorts. This 
combination could provide a design solution that embeds simultaneous mathematical 
determinations of the highest performance between reason and primary factors. This 
process could be interpreted as a potential effort to achieve a design solution by 
finding its fitness between form and context. It would help architects to find optimal 
or suitable solutions that would support the design throughout multidisciplinary 
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barriers a project goes through, and find possible design alternatives.  If applicable, 
this integrated process would go against the creative nature of design itself. This 
would require coding the subconscious and experience of the architect, as well as the 
design intentions. Undoubtedly, this transformation will be very difficult to achieve. 
Another potential disadvantage to take into account in applying this methodology is 
the fact that various problems arise or diversify during the design process 
Consequently, the interactivity between designer and algorithm requires constant 
adjustments, in order to allow the designer to operate variables or fitness functions, 
which require resetting and rerunning the algorithm. A procedure that partially 
obliterates the automation aspect which quintessentially algorithms are accepted and 
used for.  
Since only recently designers and architects have started to utilize GAs to address 
this problem. The usage of GAs demonstrates the ability to perform this dual mode 
of operating in architecture, both as a form-generation and an optimization tool. This 
capacity to perform simultaneously in multiple aspects infers into the established 
mode of design. These design implications in the application of GAs include a 
transformation in the traditional design process through the use of evolutionary 
simulations versus an evolution of the design concept. This has a deeper effect in the 
whole process of design as it neutralizes the abstract principles of the final solution, 
even if this is achieved through the use of GAs only in certain design phases. 
Nonetheless, there is still the potential in a GA in order to perform a more effective 
role in the future of design. Indeed, a GA can respond to an architectural problem 
taking into account some processes of the design, if they are accurately employed. A 
conceivable premise to this issue can be the management of generative tools with 
optimization tools towards a simultaneous calculation of the performances. The 
appropriation of algorithmic techniques in design is still at its early phase, 
nonetheless it seems that the multitasking aptitude of computational biology is a 
concrete solution to address these algorithmic limitations. Function, optimization and 
fitness are the specificity and nature of computational biology. Moreover these 
elements go beyond geometry and form, as their system clearly correlates and deals 
with functional and structural problems as well as modes of interaction. Overall if 
architecture is made for the body, this relation also needs to be considered in 
algorithmic design. 
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2.3.1 Automation and evolutionary principles of algorithms 
Following the use of algorithmic strategies to link different spatial modalities this 
section focuses on the automated and evolutionary properties of algorithms. These 
are characteristics that reestablish an association to the field of biology and in 
particular to the realm of Computational Biology. An essential trait in the 
evolutionary principle of an algorithm refers to the ability of a closed system to 
create itself, also understood as autopoiesis24 (H. Maturana and F. Varela, 1980). 
This automation potentiates complex outcomes constrained in an interval of fitting 
solutions or a certain period of time which otherwise would be hard to achieve.  
Despite being a current trend in some branches of architecture there is nothing 
predominantly new about Evolutionary Algorithms (EA) or its most popular type the 
Genetic Algorithms (GAs). Initial references to this field of computation, stem 
between the mathematical works of mathematician Nils A. Barricelli on simulations 
of evolution, and the biologist Alex Fraser’s papers on artificial selection. Here 
onwards the computer simulation of evolution in biology progressed into what is 
now known as Computational Biology. In the early 60's, Fraser’s methods include 
and define all the essential factors of modern GA’s, which consequently triggered the 
first accomplishments into evolutionary computing. The early 70's witnessed further 
developments on EA with influential works produced by John H. Conway “The 
Game of Life” and by John Holland’s work on the notion of emergence, among 
others. Evolutionary Computation wasn’t widely acknowledged beyond the 
programmer’s world until "The Blind Watchmaker" (R. Dawkins, 1996), which 
presented a small program called the "Bio-morphs" that generated a virtually endless 
array of body-plans, based on human selection. From the 80's onwards the arrival of 
the personal computer provided the tool for non-specialists to develop evolutionary 
principles to particular projects. Architecture and new media are among those, which 
since then have introduced the computational and evolutionary principles into their 
discourse. 
From an automated principle, a solution needs to perform a number of iterative 
searches, commencing each new search from a specified starting point. Nonetheless 
                                                
 
24 Autopoiesis was a term coined in 1972 by biologists Hemberto Maturana and Francisco Varela, 
which defines the self-maintaining chemistry properties of living cells. 
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this principle still fails to provide full confidence that one’s algorithm has discovered 
the best outcome of a solution array. Furthermore, as the amount of variables used to 
define the problem progressively increases, the outcome can be a solution interval 
which might contain elements such as edges, tunnels or bridges which undermine the 
confidence in the final solution. As the general topological qualities of a solution 
interval approaches high levels of complexity, finding the clearest solution, or even 
to find the ability to tell the difference between front/back or up/down becomes 
highly problematical (Figure 2.16). These problems rely in the manner in which a 
designer uses search techniques of an algorithm so it sheds some order to the overall 
result. 
 
Figure 2.16 : Topological problem in algorithms (left) and potential order 
clarification (right) (Dehne, Sach and Zeh, 2007). 
Under this predicament, Evolution is presented as a significant problem-solving 
machine. Departing from the theory of Evolution that underlies the basis for any 
form of GA, John Holland (1975) proposed the concept of Classifier Systems. In his 
work he defines them as based in induction systems with a genetic component in 
“Adaptation in Natural and Artificial Systems”. Holland's goal was a twofold, as he 
intended to describe the adaptive process of natural systems and subsequently to 
design computing systems that are capable of embodying the mechanisms of natural 
systems. In this case, the bottom up structure of a genetic algorithm was particularly 
suitable for the resolution of complex optimization problems. Accordingly, the GA is 
also highly suitable for applications that require adaptive problem solving strategies 
similar to spatial or architectural design. Since the search for the best solution is 
performed over genetic structures, which can then render a number of fitting 
solutions. 
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The bottom-up algorithmic assembly of the GA is only one of a variety of search 
techniques, where such techniques may be grouped into three main classes (Figure 
2.17). Calculus-based techniques that can also be sectioned into two main sets of 
direct and indirect methods which include those described by Fibonacci and Newton 
by evaluating the interval’s gradients and each new elements as they evolve looking 
for solutions. Nonetheless, the calculus-based technique is only useful in the case of 
a well-defined interval of solutions. By comparison, enumerative techniques tend to 
search every point in the array of solutions but one solution at a time, which also 
includes the individual analysis of the solution. This feature makes them applicable 
for a wide range of problems, but they can take an unreasonable amount of time to 
process, thus making them ineffective for many problems. The third class of search 
algorithms is the guided random search, which is in some regards similar to 
enumerative techniques, with the exception that it employs additional information to 
guide the search. Within this thread, the other major subclass of guided random 
searches encompasses evolutionary algorithms, of which one of the most critical 
groups for this construct is the genetic algorithm. 
 
Figure 2.17 : Search techniques may be categorized as being calculus-based, 
enumerative, or guided random searches. 
Genetic Algorithms are an attractive class of computational models that attempt to 
mimic the mechanisms of natural evolution to solve problems in a wide variety of 
domains. Despite the EA’s potential to deliver results the process needs to fulfill key 
evolutionary factors such as reproduction, mutation, crossover and selection. While 
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these are key factors in evolutionary biology, they were peripheral to the vast 
majority of design discourse, and are now gradually becoming an integral part of the 
process. Nonetheless, unlike the classical mode of designing the accurate use of an 
EA often contains solutions that are not suitable or at best are unforeseen by the 
designer even though the evolved solution is evaluated by a fitness function to 
determine it’s quality. The automation aspect of an EA provides obvious advantages 
in demystifying complex systems into clear principles of creation. However to 
control a mechanism that includes its own procedures has its toll in design discourse. 
Designing something by staging an automated mode might be generally seen as 
advantageous, due to time saving.  Nonetheless, evolutionary design and its potent 
attribute for problem solving have their limitations. In the case of EA’s these are well 
identified and certainly understood, albeit they are rather challenging to deal with. A 
crucial issue is that GA’s are time consuming due to the widespread field of potential 
solutions the procedure has to examine. Concurrently the more complex the set-up, 
the more time it requires in order to solve a single iteration. Additionally another 
significant aspect of a GA is that it does not necessarily secure a solution. In order to 
achieve acceptable results it requires testing the algorithm until it is possible to 
stipulate an effective interval of values.  Else the procedure will tend to run 
indeterminately, by either never reaching a solution or if it does find a possible 
outcome it doesn’t recognize it. This aspect can be associated to the GA’s inability to 
distinguish the genotype25 from the phenotype26. By observing a fertilized egg from a 
biological perspective, one can see that the egg undergoes a complex and rule based 
process known as embryogenesis to become a phenotype. Its relation to 
environmental conditions plays a key role in the formation of the organism. In 
contrast to the biological stance, once these types of solvers face aesthetical 
principles both time and solution are subject to the criteria of the designer. With 
procedures built on biological evolution, facing these forms of limitations certainly 
detracts the design process from the upmost crucial factors in biological driven 
design. In result evolutionary mechanisms are generally cut to a halt or chosen from 
a series of acceptable results. A common manner of overcoming this unpredictability 
                                                
 
25 Genotype is defined by the hereditary information that forms an individual organism. 
26 Phenotype is defined by the set of observable characteristics of an individual organism, which 
results from the interaction of its genotype with the environment. 
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is to include the formulation and aesthetical principles within the code. Yet there are 
classes of problems which are by definition are challenging or beyond the reach of 
even the best solver implementation.  
Despite some adverse issues evolutionary solvers are quite forgiving, since it is 
possible to run them on problems that have been under-constrained or over-
constrained or even weakly formulated. Additionally, due to their iterative 
mechanism, intermediate results can be gathered at practically any time of the 
process. Unlike many dedicated algorithms, - logical, deterministic or non-
deterministic algorithms, EAs provide a vast stream of solutions, where newer 
solutions are generally of a higher quality than previous ones. This enables even a 
hastily halted run of the algorithm to yield something that could be called a result. It 
might not be an accurate outcome nonetheless it will provide the general direction of 
a possible solution. Another crucial and practical reason for the exponential use of 
evolutionary principles might be that the general problems we encounter on a daily 
basis are solvable under an evolutionary principle, since we have an array of factors, 
consequences and the fitting solutions. Under this umbrella, the strengths of EA’s are 
quite distinctive even amongst the vast field of computational methods. Flexibility is 
one of these robust traits, making this type of algorithm able to tackle a wide variety 
of problems, as long as they have a procedure recursively regulated by a fitness 
function that objectively identifies potential solutions. 
Due to their nature, EAs allow a certain degree of collaboration with the user. This is 
also a fairly unique feature, especially if we think about the broad range of possible 
applications, from the original biological premises to more artistic forms of 
expression. The execution of the process is highly clear and readable since any 
procedure has some form of expression, which subsequently provides a prospect of 
tweaking between the algorithm and the user. The solver can be taught through 
difficulties with the aid of human intelligence or it can be driven into exploring 
suboptimal branches and subliminal dead-ends. Presently, the term "Evolutionary 
Computing" might very well be broadly acknowledged but it still is a programmer’s 
tool. The available applications that apply EA’s are either intended to solve specific 
problems, or they are generic libraries that allow other programmers to attach them 
along their codes. The intention and expectation of using these methodologies is that 
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evolutionary principles may deliver a broad platform for of usage on a wide variety 
of spatial and architectural problems without obliteration its original scientific path. 
2.3.2 Otherness and the allo-bio 
Contrary to general understanding, algorithms are not always built as a solution 
strategy conceived entirely from the intellect of a human programmer. Indeed much 
of the algorithms embody complex simulations that mime dynamic natural processes 
and as such they do not create or design something that has not existed before. 
Nonetheless algorithms do potentiate unpredictable findings beyond the control of 
the human mind, yet this abstract process can be controlled, codified and run by a 
computer. Within this perspective the programmer acts as a translator by compiling 
an external mode of operating into machine language. As previously described a GA 
is a process that simulates the behavior and adaptation of an array of possible 
solutions over time as generations create, test, and select through iterative mating and 
mutation procedures. Through the use of a stochastic search the algorithm builds on 
the potential best solutions; a simple task that would be time consuming from a 
human standpoint, but rather effortless, rapid, and precise from a computational 
viewpoint. Still, nothing in the whole method is an invention but rather a discovery 
or a set of discoveries, since it continuously occurs naturally. The process is known 
to biologists as natural selection and happens regardless of the presence of humans. 
Thus the only role a human programmer is entitled is to translate the flow and logic 
of the calculations into computer language. 
Remarkably and by merely translating the flow and logic of the calculations, 
algorithms can generate other algorithms. In reality, the rational process of creating 
an algorithm is also an algorithm in itself, since a set of rationalized premises 
developed in the programmer’s mind creates the algorithm. By unfolding this self-
referential property also known as metaheuristic, the role of the algorithm acquires a 
significant part beyond its technical capacity. Its role infers into critical design 
thinking as initially similar to algorithms, design can be understood as a set of 
procedures that stochastically lead towards the accomplishment of a goal. In 
reviewing the articulation of algorithms, it might be possible to distinguish 
similarities with design and such a review might expose certain evidences about 
design as a mental process. This possibility opens up a more intricate relationship 
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between design and algorithm than has been otherwise impossible, as the use of 
algorithmic strategies can go beyond the manual methods of design, (such as copy, 
simulation or replacement). Instead algorithms can be used as methodologies that 
operate in analogous or complementary modes to the human intellect.  
On a second level, the role of the algorithm can be potentially seen as a design tool 
that points to the creation of innovative concepts or designs that in return affect the 
manner designers think. This radical metaheuristic mode of production instigates the 
production of design of another kind by departing from other principles defined by 
the algorithm, which infer into other designs. This mode of otherness fundamentally 
differs from the way we experience and execute any creative process, as it is now the 
algorithm that explores those options. From a designer standpoint this other design 
would be and distinct or even unconceivable from the individual understanding. Its 
otherness is the product of a new distance, which is comparable to the detachment 
that separates us from the computer. In other words, the otherness in Algorithmic 
Architecture points out that automated modes of operating are also present in 
designers in an evident antagonism between the creative impulse and the set of rules 
that enable us to control it (K. Terzidis, 2006). 
It is understood that an algorithm integrates its own logic, nonetheless a 
metaheuristic algorithm, which has its inner algorithmic structure incorporates some 
sort of internal logic. The solutions might be unconceivable strange or unreasoned by 
the designer. Yet, just because the solution it seems as illogical, it does not imply that 
it may not have its own internal logic. Consequently, due to the rational premise of 
algorithmic processes, any self-regulating behavior within this process is not 
accidental, but it rather represents the output of a logical procedure of another kind, 
an allo-logic. This trait inherits a complexity or mode of operating that is beyond the 
designers expectations or understanding. Thus if the algorithmic logic becomes an 
allo-logic, until a certain extent the design is also autonomous. Something which 
biology advocates, evolutionary biology studies, computational biology simulates, 
and seen as a fundamental understanding in how evolutionary processes produced the 
diversity of life, another kind of life. 
 45 
 
Figure 2.18 : AlloBio project by (Novak, 2001). 
Within a biological standpoint if the allo-logic premise of the algorithm is taken to a 
computational level, the affordances of a GA can perform within Allo-Bio logic. 
This configuration presents a form of understanding systematic connections, which 
can derive from a combination of multiple aesthetical modalities, also developed and 
pioneered by Marcos Novak within the subject of the Allo-Bio (Figure 2.18).  
The potential in biological-based design solutions that depart and go beyond the 
scope of the designer’s logic transverge27, as a technique towards novel modes which 
relate the acts of making and thinking about new forms of art and architecture. These 
techniques underlie a multi-modal a substantiated approach to Kiesler’s theory “On 
Correalism and Biotechnique”. Within the logic of the Allo-Bio design solutions are 
obtained through a process of derailment, hybridization, and speciation in order to 
acquire and transmit modal characteristics to new forms of design. In addition to the 
organic and evolutionary logic of an EA, the Allo-Bio relates with different 
modalities, include sound, form and virtual environments aiming to take architecture 
to a new route. A course that mediates a potentially natural transition between actual 
and virtual, in a similar manner that conventional architecture mediates humanity and 
nature, knowledge and experience.  
                                                
 
27 The understanding of transvergence can be found in the contrast between the concepts of 
convergence and divergence. “While convergence and divergence are simple linear extrapolations 
that proceed by strategies of alignment, transvergence advances translinearly, by tactics of 
derailment.” (M. Novak, 2001). 
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Overall and fundamentally based on computational biology, the affordance of the 
element of otherness and its biological detachment the Allo-Bio into design, infers in 
a quintessential search for a design correlation that goes beyond the mime of natural 
processes. An understanding that can potentially provide novel forms of designing 
and relating to space in a manner that goes beyond an aesthetical paradigm. 
2.4 Evolutionary Architecture  
One would think that the analogy between architecture and the theory of evolution 
started after Charles Darwin’s On the Origin of Species (C. Darwin, 1859). The term 
“origin” at the time was referred by biologists, in exclusive association to the 
development and evolution of the embryo. However, what it is also factual is that at 
the time, the concept of evolution is exposed in studies of architects and theoreticians 
such as Gottfried Semper and Viollet-le-Duc before the publication of Darwin’s 
book. It is certain that both Semper and Le Duc were not denoting a biological 
evolution; nonetheless architects and design theoreticians used the notion of 
evolution in association with the idea of progress and optimization, an interpretation 
that proves to be an accurate construct among contemporary biology.  
Despite this brief contribution to biology by architects, the general trend has been the 
other way around, as architecture has often resorts to biology for inspiration. 
Through the ages, instances can be found in Gothic, Baroque and Art Nouveau 
spaces by mimicry the organic aspects of nature. Nonetheless, the resort to the use of 
biological procedures in architecture is presently increasingly closer to the actual role 
and methodologies of biology, and in particular to the role of computational biology. 
Within the architectural realm, computational biology strategies explore parallels and 
generate notions on formal relations with the environment and the phenomenon of 
change, as these factors need to be meticulous and structured in order to perform 
with efficiency. Overall, evolutionary architecture generally focuses on merging the 
use of evolutionary strategies along with computer-based architectural models by 
simultaneously evaluating the progress and limitation of design. Subsequently, a 
current and general architectural view of nature is placed on the supposition that it is 
intrinsically efficient within its use of materials and energy, as well as fundamentally 
elegant in its outcomes.  
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Figure 2.19 : Use of morphogenesis in a basilica proposal, as an experimental 
research about the logical procedures in design processes (Soddu, 1993). 
This understanding in biology is one that has been yielded through Darwinism and 
the idea that evolution in design is attained through a process of iteration that 
involves selection, variation and mutation. Until a certain extent the works of Soddu 
and Colabella fall into a model that is based on an analogy at the process level, in 
particular on the developmental and not in the evolution of the design (Figure 2.19). 
Through this biological definition, there is a clear distinction in design 
methodologies between Organic Architecture and Evolutionary Architecture. 
Whereas, the first is concerned with an outward formal understanding of the objects 
in nature as well as their integration to the environment; the latter intends to emulate 
the content of those objects according to their adaptive environmental properties.  
Within this understanding the term Evolutionary Architecture uses an analogy 
correlated to the Darwinist evolutionary model and its potential role in the 
appropriation of biological strategies. These constructs develop design by trying to 
emulate evolutionary process as this computation tool is meant to generate 
architectural form. Within this premise John Frazer’s “An Evolutionary 
Architecture” is generally attained as the starting and critical point in the manner of 
establishing deeper relationships between form and the environment (Figure 2.20). 
As Frazer himself describes “An Evolutionary Architecture” as a model for form 
generation being the objective: “to achieve in the built environment the symbiotic 
behavior and the metabolic balance that are characteristic of the natural 
environment” (J. Frazer, 1995). 
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Figure 2.20 : The Generator, Evolutionary Architecture (Frazer, 1995). 
The Frazer’s research investigates fundamental form-generating processes in 
architecture, through a scientific exploration of the process of morphogenesis in 
order to achieve integrated relations with the environment. The Evolutionary 
Architecture” project proposed the use of natural process as a generating factor in 
architecture, by considering form, space and structure as a visible expression of 
design. By applying generative rules the design accelerates and tests the formal and 
structural process of evolution. Notwithstanding the use of multiple biological 
procedures such as mutation, fitness and speciation, the overall process know as 
morphogenesis is considered as one process. Despite in nature, the mechanisms 
involved in each of these phases follow a determined order, most of the Evolutionary 
Computation scientists, change the order of the factors. This handling aspect adds 
further the relevance contribution of this work within a biological stance, since it 
adds the possibility to connect to the environment. 
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Figure 2.21 : Sensors from Evolutionary Architecture by (Frazer, 1995). 
Apart being generated through a biological autopoietic process, algorithmic 
architecture’s accomplishment is the addition of a cybernetic feature of the work 
(Figure 2.21). This is an additional breakthrough in design process, as the 
architecture can now become informed of its environment. Through the use of 
multiple sensors Evolutionary Architecture is not constrained by the information 
inherent to the algorithm only, but additionally to the space that surrounds it. Within 
this spatial system, the evolutionary process is now open to some aspects exterior to 
its own developmental rules. Entirely emulating nature, and underlining that 
evolutionary design is not based solely on uniformity, but in consistent diversity 
through symbiotic associations. 
2.4.1 Spatial systems 
The construction of space, either virtual or real is a transitional element, as it is build 
in our minds and the actual space that surrounds us. In order to experience space – 
whatever kind – one has to be present. Nonetheless, as one is constantly immersed 
into a space, one’s mental space is constantly producing new paths of connections, 
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either consciously or unconsciously (G. Fauconnier, 1994). As such, the staging of 
the real space – physical and social - is a sum of mental elaborations with actual 
objects that are stable. This has the potential to change if the environment becomes 
virtual, where there is the potential of actual situations becoming also dynamic 
similar to one’s mental space.  
The deconstruction of actual and virtual spaces constitutes a substantial influence to 
contemporary nonlinear approaches, by reformulating of spatial interactions and 
contextual relations in real and virtual spaces.  Starting from cyberpunk novels such 
as the Neuromancer28, to the electronic hypertext, the deletion of the taxonomy is 
effective to explore nonlinear spaces (Gibson, 1984). These are spaces that search for 
multiple connections and relationships and intend to achieve multiple forms of 
understanding the same environment.  By going to the cinema, one has a mental and 
social relation with the actual theater space. However, the intent is to acquire 
something else which will be projected and therefore constantly dynamic. At the end 
of the event, this dynamism transforms us both mentally and physically. Mentally, 
our space will be perceived different by the addition of new contents. Consequently 
physically and socially, the architectural or actual space will be perceived differently 
since we are aware of the faults and virtues of the theater as well as the crowd.  
Conceptually, the origin of Immersive Environments can be traced to the nineteenth 
century where Richard Wagner conceptualized the “Artwork of the Future”. Richard 
Wagner foresaw the artwork of the future as the embrace of the collective artwork, a 
work of multiple medias, the “Total Work of Art”. Until then the disconnected 
branches of art as music, architecture, painting, poetry and dance, would reach new 
relational levels, what he also defined as the Drama.  The Drama emerges from 
classical Greece that was incorporated in theatrical works, where spatial relationships 
between architecture and objects initially become parallel. 
This sense of classical harmony and proportion has traditionally been achieved in 
architectural compositions by using the dimensions of the human body. Being this 
relation a critical point of the architectural, now modern technology enables us to go 
beyond these physical dimensions and into a virtual world. This is a new territory 
                                                
 
28 The Neuromancer is a 1984 novel by William Gibson, considered as a critical work in the 
cyberpunk culture. 
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that poses a challenge to architecture, as one usually conceives and perceives it. 
Interactive, flexible and intelligent models are being required to add a deeper level of 
consciousness. Simultaneously, technology is taking us into the realms of virtual 
reality, architecture on the other hand, is becoming more corporeal. "Post-Organic" 
(new Wombs) is the term being used to express this merging of the body and 
architecture brought about by new electronic media. Independently of the taxonomy, 
this is not a radical change in perspective, particularly if we look how media art and 
science are merging within a biologic background. However the biologic shift is 
blurring the distinction between the organic and mechanic, and the artificial logic of 
the computer and the natural logic of man are fusing together. 
Within this biological assertion, spatial arts and architecture have the intent of 
finding a spatial relation, which would explore nonlinear perceptions of space and 
time. By mentally linking indiscriminately objects and spaces29 we can find new 
connections that broaden and ultimately narrowed rational connections of a more 
conventional space (Lefebvre, 1992; 1974). Implementing this technique, we are able 
to link fragments of space by juxtaposing or fusing it, in order to create spatial leaps 
into new mental arrangements. These environments express the essential narrative 
strategies of computer-based multimedia narratives. The spatial experience can be 
the engagement of a multidimensional web of stories, ideas and periods of time. This 
engagement of mental space with the virtual space can have its effects in real spaces 
by the translation of those constructs into spatial form, into architectures. 
New media, space and time have their leverage in arts such as Nicolas Schöffer, the 
pioneer of cybernetic art. In his works the understanding of dynamic and temporal 
space was crucial for their formulation. Schöffer was the first to develop a spatial-
dynamic sculpture where the very meaning of the work was solely focused in the 
plasticity of its three-dimensional qualities. In creating CYSP 1  - from the first 
syllables of Cybernetics and Spatiodynamique - Schöffer produces the first spatial 
dynamic sculpture composed of aluminum, steel and mirrors, which were self-
configured with the addition of an electronic brain developed by Philips (Figure 
2.22). The sculpture was displayed on the roof of the Unité d’ Habitacion de 
                                                
 
29 In The Production of Space by Henri Lefebvre, there is search for a reconciliation between mental 
space (the space of the philosophers) and real space (the physical and social spheres in which we all 
live). 
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Marseille in 1956, which additionally strengthens the correlation between the Philips 
Pavilion and the Total Work of Art. 
 
Figure 2.22 : Dynamic and temporal sculpture, Cybernetique Spatiale - CYSP 1 
Schöffer in1956 (Jordan and Packer, 2002). 
The work was mounted on four wheels with 16 reflecting structures with small 
engines under their axis. Each plate incorporated photoelectric cells and an integrated 
microphone that captured all the variations in terms of color, light intensity and the 
intensity of sound. The spatial dynamism deeply intervened on many existing 
concepts of architecture and urbanism. It is the sculptor, master of volumes per 
excellence, which established the conditions of plastic architecture. The city was the 
extension of the plastic sculpture. With the intent replacing the old cathedrals, it was 
the trademark of the city and simultaneously the city’s condensed summary and 
highly aestheticized dynamics. 
In a contemporary stand point and on another medium, Marcos Novak explored a 
theory of cinema that coined by Andrei Tarkovsky as "sculpting in time". By carving 
time the work Dancing with the Virtual Dervish intended that the rare characteristic 
of immersive environment as a medium was to take our experience of time and alter 
it. The virtual world forces virtual time into real time by proposing a continuous 
virtual experience and with a correspondence in the real space, in order to give the 
 53 
viewers a sense of time passing, time lost, and the relationship of one moment in 
time to another in both spaces. Within this spatial system by moving in predefined 
ways, by swirling in different speed, there was a spatial-temporal relation between 
both worlds, an understanding of time and space similar to the one proposed by 
Wagner. 
By being in an architectural space where it intersects real space with virtual ones, 
enabled a fully mental and body experience. This correlation between spatial systems 
enhance the understanding of the architectural space, which results from correlations 
actually being virtually expressed. Therefore, the interactions between real and 
virtual spaces can be accomplished in a natural manner, as we are used to relate to 
architectural spaces, versus the unknown of the virtual. The outcome of this intuitive 
relation between real and virtual spatial environments creates a correlated spatial 
system where artistic and architectural appropriations generate new understandings 
towards a bio-logic in the production of space.  
2.4.2 Virtual architectures 
As part of technological evolution, computer visualization has become more than an 
effective tool to preview to what’s coming. The use of the new methods are 
supporting a new approach to architecture and art in general, developing new tools 
and consequently new results, leading us into novel and unexplored fields. 
We are no longer in the 19th century but at the start of the 21st century, and the debate 
on mass multimedia does not seem to include all of the ideologies of progress that we 
have experienced during the 20th century. The relation between media and 
architecture, between virtual and real, has never been so close and simultaneously so 
intense. The question of integrating these two systems is becoming increasingly 
fundamental, since it provides enhanced spatial experience. We can clearly realize by 
the late increase of augmented reality applications.  
Nonetheless, the spatial understanding could be potentiated by the correlation 
between the actual or real architecture and the virtual one. In general thought, the 
virtual has a direct relation with a supposing non-probabilistic sort of chance, 
subsisting or somehow resisting to common sense, and to the so-called present. This 
fact suggests another, less determining more experimental relation to practice and a 
different, more diagrammatic relation to the future. When the question of new 
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information technologies was first raised over a decade ago, it turned out to be 
formulated in terms of a series of ideas about immateriality, unreality, simulacrum, 
as if everything had become a matter of images and their manipulation.  
Despite this arising controversy about the virtual, the subject has been already 
approached in the past, through the classical definitions of Aristotheles of “dynamis” 
(power) and “energeia” (potential) and the act, which actualizes that power and 
potential respectively. In this case, the questions of temporality or time are already 
induced and will have an important role in the contemporary definition of the virtual. 
Passing to the definitions of Avicenna30, who introduced virtuality into the world of 
bodies, by distinguishing the actualization of  “quantitas dimensionalis” (dimension 
in length, width, and depth), from “quantitas virtualis” (indeterminate dimension). 
This definition is thus associated with the susceptibility of matter to extend to allow 
itself to be grasped according to its three dimensions, which characterizes it as a 
corporeal form. The “quantitas virtualis” is not already at this time a magnitude, but 
an experience through which the metaphysic propels certain components of its own 
body toward matter. This almost rhizomatic definition of virtual imports another 
important element or factor to the equation, the space, in which it obviously has a 
direct relation to architecture. 
In Kantian philosophy, as synthesized by Hamlet’s poetic formula “The time is out of 
joint” (Shakespeare, 2002; 1602). At the 19th century the time factor has re-entered 
the equation and set for the problem of “the time of the virtual” formulated later on 
by Henry Bergson31. In which he implies, that time of the virtual has a “bodily, 
clinical side” (Bergson, 1911). It is a bodily function, a physiological and a 
neurological matter, which leads us to a more experimental and diagrammatic 
practice. At this point, one can find a differentiating path between Bergsonian and 
Deleuzian philosophies, about the virtual.  
In Bergson’s philosophy the approach made to the virtual is directly related to 
memory and the identity of memory and duration is presented in two ways:  the 
conservation and preservation of past in the present. Or else, whether the present 
distinctly contains the ever-growing image of the past, or whether by its continual 
                                                
 
30 Ibn Sinan or by his Latin name Avicenna was a Persian philosopher and scientist in the 9th century. 
31 French philosopher, influential especially in the first half of the 20th century. Bergson convinced 
many thinkers that immediate experience and intuition are more significant in understanding reality. 
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changing of quality rather attests to the increasingly heavy burden dragged along 
behind a present, an older one grows. Or again: “memory in these two forms, 
covering as it does with a cloak of recollections a core of immediate perception, and 
also contracting a number of external moments” (Deleuze, 1991). 
At the limit, the ordinary determinations are reversed: of the present, one must say at 
every instant that it “was,” and of the past, that it “is,” that it is eternally, for all time. 
This is the difference in the kind between the past and the present. But this first 
aspect of the Bergsonian theory would lose all sense if its extra-psychological range 
were not emphasized. What Bergson calls “pure recollection” has no psychological 
existence, this is why it is called virtual, inactive, and unconscious. 
 
Figure 2.23 : Cone diagram depicting memory as virtual coexistence (Bergson, 
1907). 
To become conscious of an act one detaches from the present in order to replace 
one’s self, first in the past in general, then in a certain region of the past as form of 
adjustment. However our recollection still remains virtual, as we simply prepare 
ourselves to receive it by adopting the appropriate attitude. Gradually, it comes into a 
view; like a condensing cloud, as it comes from the virtual state and passes into the 
actual state. We do not move from the present to the past, from perception to 
recollection, but from the past to the present, from recollection to perception. Thus, 
we have two movements of actualization: one of contraction, one of expansion. We 
can see clearly, that they correspond closely to the multiple levels of the cone, some 
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expanded, some contracted (Figure 2.23). The virtual, on the other hand, does not 
have to be realized, but rather actualized; and the rules of actualization are not those 
of resemblance and limitation, but those of difference and divergence and of 
creation. 
The virtual is not only about how the past is preserved, and according to Bergson, but 
also for Deleuze above all is about the future. Its relations with what is real or true, 
probable or improbable, and there for to other kind of invention in the sciences, arts 
and architecture. Deleuze’s concept of the virtual starts with a notion of a 
multiplicity that cannot be counted as a disparate multiplicity. It has to do with 
modality or the space and time in which it is embodied. By modality, philosophers 
suggest meanings like contingency, necessity, possibility; and one may say that the 
virtual involves another logic, another experience, of what is possible and 
impossible, probable and improbable. 
In other words, the virtual image evolves toward the virtual sensation and the virtual 
sensation toward real movement: this movement, in realizing itself, realizes both the 
sensation of which it might have been the natural continuation and the image which 
has tried to embody itself in the sensation. Virtual images can no more be separated 
from the actual object than the latter can from the former. Virtual images therefore 
react on the actual. Every actuality surrounds itself with a fog of virtual images – 
“The image of thought” – more or less deep layers of the actual object correspond to 
more or less extended circles of the virtual images. 
At this point, object and image are both virtual, and they constitute the plane of 
immanence where the actual object dissolves. Here starts the process of actualization 
that affects the image as much as the object. This occurs in the touching of the plane 
of immanence with the vertex of the memory cone. Within a Bergsonian standpoint, 
memory is not an actual image formed after the object is perceived, but instead a 
virtual image that coexists with the actual perception of the object. The memory is 
the virtual image coexistent with the actual object, its double and its mirror image.  
The plane of immanence includes both the virtual and its actualization, with no 
boundary that can be imposed between the two. At this moment, one starts to see the 
force or potential of things for which there exists no abstract concept, since their 
effectuation would go off in too many directions or senses at once. Deleuze calls 
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such power “virtual”, in a sense that contrasts with the possible developed by 
Bergson in his critique of abstractions. Thus the virtual may be said to be abstract in 
a different sense form the possible, to be real although not concrete, actual although 
not effectuated, comprising a sort of immanent force rather than a transcendental 
form-the abstract virtuality within things of other different things, of other possible 
worlds in our world, other histories in our history. That is why they are rhizomatic 
rather than arborescent. It is due to their serial, differential, complex structure rather 
than the categorical, generalizing and purifying traits. 
As the actual object becomes virtual and the virtual image becomes actual, they 
crystallize. The distinction between the actual and the virtual corresponds to the most 
fundamental split in time, when it goes forward by differentiating itself according to 
two paths; to make the present pass and preserve the past. This synthesis of time is 
where the past becomes indeterminate; the present experimental and untimely, and 
the future unknown, this is the virtual. 
 
Figure 2.24 : Cyber-Architecture, Virtual Guggenheim project by Asymptote 
Architects (Imperiale, 2000). 
By presenting this introduction to Deleuze’s definition of virtual, it is not an 
exaggeration to think of the virtual as the drama of the production of possibles. This 
situation leads us to the tools now used to develop new forms of architecture, such as 
the cyber-virtual and virtual reality, which claim to simulate and translate reality, 
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leaving the way open for potential worlds (Figure 2.24). The virtual becomes a 
feature of its constructive images, it loses its geometry, freed form the real space. It 
becomes dissociated, multiplied and complex in relation to others, discovering 
strange rules, thus the architectural space becomes correspondingly more dynamic 
and complex, only to enhance the potential of the virtual. 
From this survival of the past, it follows that the consciousness cannot go through the 
same state twice. The circumstances may still be the same, but they will no longer act 
the same way, since they find a new moment in history. This process of being built 
up each instant with its accumulated experience, changes without ceasing is defined 
as emergence. By changing, it prevents any state of repetition, although superficially 
it is identical with another, but preventing of repeating in its very depth. This 
repetition, which has the same reasons, may dictate different elements. The truth is 
that they are not quite the same reasons, since they are not of the same moment; they 
stand as virtual or real moments that emerge correlated. To recognize the Function of 
the Bio the critical concept of emergence will be further extended under the 
computational biology umbrella. 
Within this volatile medium Virtual Architectures potentiate such applications of the 
virtual, more aural and haptic instead of being mainly visual. In this manner, it is 
directly related to one’s being, transforming itself according to the data it captures, 
and simultaneously reforming the ideas and the way of thinking we relate to space. 
By simulating consciousness, it allows us to extend our perception of space. It 
creates a system between different spaces by involving them within each other’s 
characteristics. The spatial system shapes and controls the scale and form of human 
association as it becomes also responsive.  
Every space or architecture has a structure and a configuration that would allow 
different modes of interaction. No spatial system has its meaning or existence alone, 
but only in constant interplay with other media. Virtual architectures result from the 
new scale that is introduced to our affairs by the new technology. It opens up 
different environments that contain other media. Also theoretically understood in 
philosophy of communication through Marshall McLuhan (1964) when he states, 
“The content of any medium is always another medium”. 
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2.4.3 Biotectonics 
Through out the ages biological influential works arise as inspirations in the history 
of science. From “De Rerum Natura” (Lucretius, 2007; 1BC), “On The Origin of 
Species” (Darwin, 1964; 1859), "Philosophiae Naturalis Principia Mathematica" 
(Newton, 1972; 1687), and "On Growth and Form" (D’Arcy Thomson, 1992; 1961) 
are pertinent for this construct. Despite the scientific relevance of these works, only 
now they are being culturally transposed to the artistic and architectural realms. A 
crucial reason that previously prevented these works to emerge as cultural beacons is 
profoundly related to their physicality and to the ability of being built. In other 
words, a biological standoff that is only being overcome due to the present ability of 
accurately mimicking nature’s tectonics. 
In recent past, the rooted existence of the state of agoraphobia and claustrophobia 
experienced in the late nineteen century, and subsequently followed by the trauma of 
the 1st and 2nd World Wars, came to be seen as mental states of modern life. These 
phobias were inserted into art and architecture as efficiency, economy and utility as 
discrete units of meaning. Heidegger reasons through these behaviors as he asserts 
that technological thinking is characterized by the intention to control and dominate 
nature (Heidegger, 1982; 1951). Nevertheless in Heidegger’s recursive thinking, 
human kind is also controlled and dominated, as mankind is a part of nature itself.  
In the same manner, natural evolution is a ceaseless biological process, in which 
efficiency, economy and utility are the means. With means transferred in to ends, 
evolution per se loses its stochastic and idiosyncratic sense of evolution. As urgency 
prevails over production, objects and spaces are made in order to be consumed, and 
become exposed to external and flaccid criteria such as fashion and marketing. 
Consequently, design is solely focused in its external envelope or in its immediate 
efficiency, rather than in mechanisms. Ironically by following this Fordism32 mode 
of production, technology is constantly and progressively changing, as mass-
production required industrialization and presently mass-customization requires 
digitalization.  While seemingly this evolution generates a history line, it actually 
progresses in a recursive sequence of events until it derives into a novel stance. One 
                                                
 
32 Fordism,  refers to various social theories about production and related socio-economic phenomena 
in the beginning of the 20th century. 
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stance the world acknowledges through the efficiency of this new mode of 
production, most commonly due to urgency. 
In architecture these recurring actions are triggered by the need for new aesthetic 
values as a result of novel philosophical and scientific understandings of the world. 
Subsequently this need creates the development or appropriation of new technologies 
in order to perform accordingly, which completes and simultaneously feeds the 
cyclic progress of history. As DeLanda (1997) points out, similar to natural cycles, 
the source of all concrete forms in western history are shown to originate from inner 
morphogenetic capabilities that lie within the flow of matter-energy itself. By 
concentrating creation within a procedural and methodological structure of making, 
distinctive characteristics appear. These idiosyncratic characteristics are elements, 
which have the potential to prompt the evolution of knowledge and progress through 
history with the required stochastic and idiosyncratic logic of evolution. The 
introduction of these historical and philosophical theories is of crucial interest for the 
relation between biology and tectonics.  
In the era of Biotechnology and Nanotechnology, a prospective conceptual 
explanation lays in the combination of mathematics and biology, and this is how Eric 
Drexler (1986) presents his bio-machines. In his book “Engines of Creation”, these 
machines both Nanotech and Biotech, engage in the manipulation of individual 
atoms and molecules, something that any biological organism already does in a 
rhizomatic manner. Along with the same principles this project-based dissertation 
uses a structure based on computational biology as a mode of operating and 
transmitting information through multiple models and modalities.  
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Figure 2.25 : Microscopic images exposing structural features of the Eupectella 
(Weaver, 2007).  
Along with the newfound territories of biological exploration and still belonging to a 
glossary of emergent culture, Biotectonics solely refers to the study of biology to 
explain structural features of organisms and their application to the design of 
processes and systems in architecture (Figure 2.25). Beyond this definition and 
mainly due to the established and groundbreaking fields of biotechnology and 
nanotechnology, Biotectonics can be presently providing novel forms of expressing 
art and architecture. The use of biologically derived forms of tectonics foments 
particular modes of operation through their integration in the design process as well 
as defining a mode of expression of this particular period of history. 
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3.  METHODS AND STRUCTURES 
The methods used in the Function of the Bio incorporate new media art forms and 
simultaneously hold particular algorithmic techniques that intend to achieve specific 
automated modes of operation. The methodology represents a manner of thinking in 
the production and correlation between media art and architecture, but it is 
fundamentally propelled by the understanding of space through the expression of 
new spatial structures. The delineated sections are not intended to be rigid, but rather 
to supply a basis for describing methods to produce a biologically multimodal 
artwork, which can also be taxonomically understood as an evolutionary Total Work 
of Art. Although these have the possibility of becoming independent works, the 
procedure itself provides an implied commentary on the understanding of the 
structure of knowledge as an integrated product of evolutionary processes. The initial 
definition of the applied methods is significant for the forthcoming structures in the 
works presented. The methods assert a profound structural and formal complexity 
between various kinds of art, thus immediately detaching from the synthesis and 
linearity of a form of multimedia space.  
By definition, electronic art is a form of art that employs electronic media. While 
related to new media art (information art, video art, digital art, interactive art, and 
electronic music), it is considered as an outgrowth of conceptual art and systems 
(Sims, 1994). The term “electronic art” is almost, but not entirely, synonymous with 
the term “digital art”, and especially with the term “computer-generated art” 
(Manovich, 2002). However, electronic art has a much broader connotation and 
refers to artworks that include any type of electronic component, such as works in 
music, dance, architecture, and performance. By relying on technology and its 
development, electronic art allows the relation between technology and electronic art 
to be structural and intrinsic to the design of these art forms, thus providing new 
modes of interpretation and interaction with art. 
Electronic art resorts to technological breakthroughs that have a direct effect on the 
structure of multiple media in an artwork. Yet again, this factor takes us back to the 
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nineteenth century, where Richard Wagner conceptualized the Total Work of Art and 
foresaw the future of art as the embrace of the collective artwork, and as a 
multimedia work. He largely emphasized this last aspect in his construct, whereas 
until then the disconnected branches of art as music, architecture, poetry, and dance 
were conceived as reaching new, deeper relational levels without attaining the 
collective aspect that Wagner prophesied.  
Using this philosophy as a starting point, artists and architects such as Frederick 
Kiesler, Edgard Varèse, Iannis Xenakis, Oskar Schlemmer, and Nicolas Schöffer 
began to explore free-form spaces, electronic music, art performances, and kinetic 
sculptures. Parallel to their philosophy, all these artists had a common methodology 
that is currently often understood as the foundation of electronic arts. 
Understandably the hypothesis in The Function of the Bio relates to new media and 
the artists stated through the philosophy of the Total Work of Art. Yet the connection 
deepens with the methodologies and properties their works embrace. These 
properties and methodologies focus in understanding the use of different properties 
of space and their respective art forms. In sonic art, Edgard Varese’s “Poème 
Électronique” used at the Philips Pavilion in 1958, intended to create a liberation 
between sounds which focus in the use of timbre and rhythm as dimensions of sound. 
While using different art forms, both Schlemmer and Schöffer center their work in 
the interaction between art and space. Oskar Schlemmer focused in the extension of 
the body and its interaction with space, also present in his choreographic work 
“Triadic Ballet” in 1922 (Jordan and Packer, 2002). While Schöffer’s kinetic 
sculptures benefited from - the already well established - cybernetic theories. He is 
considered a pioneer in the field of cybernetic art. By adding electronic mechanisms 
to sculpture, he opened up the static three-dimensional sculptural form to a fourth 
dimension of time and motion also portrait in his works. 
Despite his distance to new media, Kiesler’s understanding of space passes through 
this form of art, in particular in his works “On Correalism and the Biotechique” and 
“Vision Machine”. Where he conceptualizes a way in which the user sees beyond the 
existing space, experiencing a virtual space. Although never implemented, the 
construct is understood and represented as a spatial installation where the individual 
travels trough real and virtual spaces. This artwork can be seen as an experimentation 
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of the Correalist theory aiming to explore potential relations between actual and 
virtual environments. 
This section specifically introduces and analyses an array of methodologies that 
associate biological structures and spatial features. A correalistic assemblage 
between virtual and real spaces can characterize and potentiate biological modes of 
operation. Modern technology now enables us to go beyond these physical 
dimensions into a virtual world, and this poses a challenge to new media art, more 
than it is commonly perceived. Interactive, flexible and intelligent models are being 
called for. Whilst technology is taking us into the realms of virtual reality and new 
media, instigates an augmented use of the awareness can be seen as becoming 
corporeal. It’s not a post-organic neither a post-humanist view, it is the extension of 
the human body and mind. It represents a narrative being used to express the merging 
of the body and technology brought about by electronic media.  
A radical change in representation and narrative is blurring the distinction between 
the organic and mechanic, and the artificial logic of the computer and the natural 
logic of man are being explored through new media and architecture. The concurrent 
application of the Correalist strategy with computational biology techniques of 
morphogenesis and cell signal network, forms the qualitative basis of this 
dissertation. The study aims to corroborate a combination of the fundamental fields 
of computational biology, new media art and architecture in order to understand how 
can the “Bio” factor function beyond form finding techniques and acquire a 
quintessential and idiosyncratic significance of our era.  
Following a more comprehensive research on the computational biology 
methodologies, the section on structures represents a theoretic and technical 
conceptualization of the biological processes that structure the Function of the Bio. 
The construct associates to main biological concepts, of dynamic evolutionary 
techniques of morphogenesis within computational biology, along with the plasticity 
of co-evolutionary processes in order to combine multiple spatial modalities. The 
combination of algorithmic techniques and multiple media through the use of 
second-order cybernetics potentiates a biologically active space, analogous to an 
organism.  
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Consequently in order to enhance spatial design, the Function of the Bio departs from 
the notion of computational biology on describing how morphogenesis places 
emphasis on performative systems and processes. Hence, due to its data structure, 
biological strategies can be used to drive generative spatial tools, such as the cases of 
algorithmic architecture and computational biology, it may also simultaneously 
organize an evolutionary performative space. This association is indispensable due to 
the GA’s inability to distinguish and evolve from genotype to phenotype. In a natural 
environment, the critical connection between these characteristics is exposed in a 
fertilized egg. In this process the egg endures a complex process of cellular growth 
and differentiation known as embryogenesis, in which it gradually becomes a 
phenotype. Computationally, this limitation provides either an abstract relation 
between the hereditary information and the formal characteristics of an outcome, or 
as it is commonly used as an intended outcome that forms the genetic or hereditary 
characteristics of the process. Indeed it is still a complex and generative process and 
the designer does not know the exact result. However the original order of things is 
in both manners disrupted. The distinction between the biological and the 
computational lies in the relation that the genotype has with the environment in order 
to become a phenotype. 
The response lies in the distinction in the type of data used and the manner of input 
to the system. If we acknowledge the computational process as a closed system of 
interactions, the biological mode could be understood as a perforated system, a 
structure that allows not all but certain types of correlations with the exterior. From a 
biological standpoint, this constantly happens through a chemical occurrence in the 
process of embryology. In order to reciprocate this perforated structure, the Function 
of the Bio simultaneously runs spatial modes of retrieving and inputting data through 
the use of sensors and actuators, as well as running an iterative EA that regulates the 
space. Consequently, the reaction of any spatial element in the system, such as body, 
can be quantified and converted into a signal that can be read by the algorithm. This 
strategy feeds external new data into the system, which potentially causes the space 
to act in particular ways, and from specific media. The combination of spatial data 
with an algorithmic system provides an overall construct, understood as a spatial 
system. The spatial system is integrated in the design of the space and never 
separated due to the use of uniform morphogenetic strategies throughout the process. 
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A process that is open to certain exterior elements, one might say perforated, thus not 
fully open. This perforated spatial system allows filtering which aspects are actions 
and reactions to the system, analogous to morphogenetic process of embryology. The 
structure of the Function of the Bio endorses operational procedures, which use 
particular modes in which space exists by being experienced and expressed through 
actual and virtual conditions. 
3.1 On Correalism and the Biotechnique as a Multimodal Design Strategy 
The relationship between multiple forms of art is one of the pillars of the construct in 
which the Function of the Bio stands on. However the precise purpose is the 
correlation between multiple spatial modalities. Supporting the hypothesized method 
in the use of a single algorithmic structure to connect various modalities, the analysis 
of Kiesler’s 1939 paper “On Correalism and the Biotechnique” provides essential 
understanding in the correlation modes in which something is experienced or 
expressed. 
 
Figure 3.1 : Diagram from “On Correalism and Biotechnique: Man=Heredity + 
Environment” showing the interaction of the environment on man and the recurrent 
interaction of its fundamental parts. (Kiesler, 1939). 
Despite of the title "On Correalism and Biotechnique: A Definition and Test of a 
New Approach to Building Design", the paper barely relates with building design, 
however it does deal extensively with the notions about the evolution of built forms 
and their roles in our world (Figure 3.1). Conceivably, no concept is more 
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elementary to Kiesler's complex and idiosyncratic system of thought than the one of 
“correalism”. Within his perspective, “correalism” underlies and relates notions of 
the biological understandings with time-space continuity. This correlation essentially 
relies in potential significant associations between ideas, objects, individuals or 
spaces. Kiesler described it as a relationship that is not necessarily based on 
proximity or similarity, but on the energy or life force within a form that it shares in 
some sympathetic way with the energy or life force within all things. A definition 
that departs from Kant’s Copernican Revolution33, which outlines that subject and 
object are independent of the subject matter of experience. Nonetheless, Kiesler went 
beyond this definition and advocated the Wittgenstein’s view on the role of knowing 
subject, which supports that certain theories cannot be expressed by propositions but 
they can merely be shown. These energies represent the basis of unity with the whole 
and are subsequently summarized as correlation. This holistic relationship is circular 
since an object doesn't exist until it correlates with its environment. The investigation 
of correlation is a fundamental task for designers who wish to reveal the ways 
humans relate to the world and among themselves.  
In 1939, Kiesler coined the term “Correalism” as an exploration into the dynamics 
of continual interaction between man and his natural and technological 
environments. Within this construct, Correalism stimulates and disseminates the 
study of the dynamics of correlations, achieved through the techniques of 
experimentation and intuition. The focus on experimentation includes examining 
sensory perception, in addition to the studies of previous inquiries in the interaction 
between humans and their environment  (Figure 3.2). 
 
                                                
 
33 Kant’s Copernican Revolution is the attribution of the comparison with Copernicus to Kant himself 
is based on a passage in the Preface to the second edition of the Critique of Pure Reason in 1787 
which precisely follows the lines of Copernicus' primary hypothesis. 
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Figure 3.2 : Diagram from “On Correalism and Biotechnique:” showing the pattern 
of development for efficency (Kiesler, 1939). 
In order to endorse a scientific methodology, Kiesler defines “Biotechnique” as the 
use of the understanding of correalism in specific problems of architecture. Also 
understood as a crucial process in practical work of an artist, architect, designer, or 
philosopher. This is effectively portrayed through a diagrammatic definition of a cell. 
The overall meaning of “cell” is not a focal point, the importance lays in its specific 
characteristics, which differ between a biological, chemical and electric standpoints  
(Figure 3.3).  
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Figure 3.3 : Diagram from “On Correalism and Biotechnique:” showing the nuclear 
concept of production in the three environments: natural, human and technical 
(Kiesler, 1939). 
The understanding that embodies the construct of awareness within natural, human 
and technical perspectives is represented by his proposal “The Vision Machine”. It is 
somewhat vague how the project would be presented, nonetheless it was clear that it 
involved some sort of machine. This mechanism, independent from its media art 
setting, is an analog computer where its input is technologically mediated on an 
object and its surroundings. Nonetheless, its output would require the interpretation 
of its users according to individual awareness (Figure 3.4). Kiesler wanted to 
instigate in how individuals understand, how they observe things, and how the 
understanding of the consequences of this correlation might change the way one 
perceives the objects and space that surrounds us. Kiesler’s focus on the perception 
of our physical reality is triggered by individual sensorial and psychological factors 
and about our need to stimulate desire and to blur the distinctions between 
everything.  
The time-space understanding of architecture needs to reveal that the biological 
correlation between art and space can clarify design by the fusion of the multiple 
schemes. Eventually, one becomes conscious not only of philosophy, technology, art 
and architecture, but most importantly, one becomes conscious of the individual 
relation between them. The passive observer of space becomes a participant in space 
by bridging past and present into a collective work of art. The fusion of walls, floors 
and ceilings absorbs everything that comes into the architectural space, including the 
observer, who now becomes observed. By relinquishing artistic taxonomies, the artist 
or architect promotes a new unity by creating novel spatial possibilities through the 
design of original biological correlations. 
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Figure 3.4 : Scheme of “The Vision Machine”, proposes a method for studying the 
process of visual perception (Kiesler, 1939). 
The definitions of the terms of Correalism and Biotecnique elucidates that Kiesler’s 
main objective was to instigate cultural awareness through a more scientific 
methodology to artworks. A complex process that involves not only the reform of the 
existing attitudes towards technology and environment, but also the reassessment of 
the designer's role in helping an holistic awareness. For Kiesler, the need to explain 
the invisible correspondence between things and actions places the designer as a sort 
of visionary, who mediates associations between disparate objects or concepts that 
would call attention to new meaning to a conscious audience. Under this perspective, 
the artist's work is the connection between the present and the beyond and the 
artwork renders the link between the known and the unknown. 
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3.1.1 Biological approach to spatial design 
The current biologically driven aesthetics has progressed form its original need to 
understand how organisms evolve and develop. This question and the ability of 
translating the biological information into algorithms produced the field of 
Computational Biology. This field also relates to the areas of computer science and, 
applied mathematics to address biological problems using simulation and modeling 
techniques where data can be fed into algorithms. Consequently the power of 
algorithmic translation allied with the morphogenetic process, which causes an 
organism to develop its form, provides access to a data driven generative processes 
that have already been appropriated by computational biology. 
 
Figure 3.5 : Embryological Houses project (Lynn, 1998). 
The use of new methodologies are required for spatial design capable of change for 
the adapting qualities that emergence demands. These traits depend on how and what 
information is passed within the spatial system, either within the same media or in 
between media. The establishment of rhizomatic connections provides an answer to 
an initial and critical demand in the process of coming into being. The process of 
becoming can be seen as a rhizomatic correlation of discreet elements, biologically 
understood as emergence. The use of emergence in spatial systems also derives from 
biological inspiration, and its deployment brings a systematic process of design in 
which the construct and expression factors can be certainly absorbed by spatial arts. 
We can particularly experience this tendency the latest architectural forms of 
representation, such as Gregg Lynn’s “Embryological Houses” project, where the 
outcome proliferates through biologically inspired rule-based designs (Figure 3.5). 
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Within these realms Biology is primarily - if not solely - a form finding practice that 
privileges appearance, and operates independently of artistic and architectural forms 
of expression. This approach is similar to the understanding of Organic Architecture 
by mimicking nature, nonetheless with an added contemporary and scientific 
understanding of biology along with the use of computational design. 
 
Figure 3.6 :  “Liquid Architectures” project, simulating an evolutionary virtual 
environment (Novak, 1999). 
A parallel phase can be understood in order to enhance spatial design, as the 
biological premise departs from the notion of computational biology on describing 
how morphogenesis places emphasis on performative systems and processes. At this 
point, form is an effect of the interaction with the user, as another level of complexity 
is achieved since an exterior relation to a computational structure is attained. Within 
this milieu, it is possible to subdivide the relationship with the user and the 
environment. The relation of a biological prompted design with an individual has 
clear effects and intended affects with the user and his/hers awareness. The “Liquid 
Architectures” project by Marcos Novak prompts this relation through the use of 
virtual reality (Figure 3.6). Where the environment endorses its own rules to a 
receptive individual, which tries to make sense of its virtual surroundings.  
Despite creating a groundbreaking awareness to spatial design, Novak intentionally 
depletes the biological correlation between real and virtual space. Of a comparable 
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biological approach is the virtual dimension introduced in John Frazer’s 
“Evolutionary Architecture”. The correlation between real and virtual space is 
achieved through the “Interactivator” which evolves according to the configuration 
of the interface, as well as to atmospheric conditions. Despite of the pioneering 
strategy, the biological relation falls short of its full potential. As Frazer’s work has 
an independent strategy between information, and the formal aspects which 
information is transmitted. In other words, the language between virtual and real 
space is independent of their morphological and material aspects. 
 
Figure 3.7 : “HygroScope” (Menges, 2012). 
Another key endeavor for addressing functional aspects of biological promped 
design are also tested in a more recent proposition; the “HygroScope” by Achim 
Menges (Figure 3.7). Also addressing different issues, the biological connection 
between environment and form can be lavishly understood as information extracted 
from materiality and the environment activates formal aspects of the project. Despite 
being considered as biomimetic the project responds to an environmentally actuated 
material with nano-tecnological properties prompted by atmospheric conditions. In 
this case the focal study implements the combination of material inherent behavior 
and biologically generated computational design in a novel mode of responsive 
architecture. The dimensional instability of wood in relation to environmental 
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conditions is employed to construct a climate responsive architectural morphology. 
In this particular instance, the material structure itself, which simultaneously 
endorses the morphogenetic design is the machine. Notwithstanding the 
groundbreaking development in biological and environmental spatial relations, 
biological-based design avoids to address Kiesler’s trifold spatial understanding of 
nature, human and environment.  
Through this concise exposition of new media and architectural works that relate to a 
multiple biological understandings, express distinct reactions to any spatial elements. 
Being these factors corporeal or environmental phenomena, they can be quantified 
and converted it into a signal that can be delivered to a biological construct. This 
approach feeds external new data into the system, which potentially causes the 
design to perform in specific modes. This constrains in the use of specific new media 
require meticulous consideration due to their limits the input and output into the 
space. Presently, the biological approach to spatial design already integrates the 
morphogenetic design of space and certain human or environmental factors, but 
avoids the integrated use of uniform morphogenetic strategies throughout multiple 
models and modalities, thus constraining the operative potential of the biological 
factor. 
3.1.2 Symbiotic spatial relations 
Inferred but independent from any natural or organic aesthetical principle one of the 
main traits of biology is symbiosis, which allows the interaction between different 
organisms living in a close physical association. It is through this relationship with 
its environment that all organisms evolve including certain intrinsic spatial qualities. 
These assets delineate potential forms of physical interaction between the 
environment and the organism or between organisms themselves.  
Among other forms of interaction, mutualism and parasitism become of particular 
interest, due to their ability to relate to individuals of different species. Indeed 
parasitism only benefits one of the organism involved. Nonetheless, the appetence of 
the parasite to adapt to the host conditions, highly potentiate its existence. Something 
that architecture can relate to, through its undeterred physicality. Another form of 
symbiosis is laid out, if one looks at mutualism. Once again, the organism depends 
on its particular ability to relate to other species, nonetheless with the remarkable 
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difference that it is beneficial to both individuals. From a spatial point of view this 
form of relationship requires both physicality and biochemical interactions. In this 
case, these interactions might be required or facultative or alternative by both 
individuals. The mutualistic structure adds a factor of interaction between the 
different species, a bidirectional form of communication that is a critical quality in 
new media artworks and few forms of experimental architecture.  
 
Figure 3.8 : Embryological Houses diagram of interactive spatial relations (Lynn, 
1999). 
In design, this symbiotic relation can be similarly attained through physical and 
interactive spatial relations, where the physical design solution is generated and 
supported by specific interactive properties. Due to the intrinsic human connection 
with the spatial medium, the design methodology primarily requires the elements of 
flow and passage. A core aspect of symbiotic spatial relations is a deep 
understanding of the dynamics of space that potentiate active interactions. Symbiotic 
spatial relations imply the shift from “autonomous purity to contextual specificity” 
(G. Lynn, 1999). Such a space cannot be structured in a Cartesian fixed environment, 
since its dynamics emerge in an active field of potentiality. Thus it requires the use 
of a spatial system that defines a specific strategy of model projection, as well as 
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transformations between different spatial modalities (Figure 3.8). Instantly the 
relation between user and object - or between organisms - comprises the potential to 
acquire different spatial modalities by the usage of multiple media, where the spatial 
system represents and expresses multiple formal qualities.  
From a computational perspective one can understand a symbiotic relation with the 
environment through the definition of “affordance”34 (J. Gibson, 1979) defines 
affordances as each opportunity to act is concealed in any setting, and can be 
measurable and autonomous of the ability to understand a specific action or set of 
actions. Based on this construct it is possible to access a quality of an object, or an 
environment, which lets an individual to perform certain actions. Since every modal 
structure holds a particular degree of freedom or a particular set of dimensions, they 
also provide a correalistic competence to the spatial system. This defines the quality 
of an object, or an environment, which allows an individual to perform certain 
actions. The ability to correlate to any dimension is propelled by space yield data 
patterns, which might provide actions in single or multiple media. The symbiotic 
system of information provides intelligible sequences, which are discernible in 
certain actions as the gradual development also affects the parallel media. In this 
manner, the affordance of a co-evolutionary construct can be autonomously 
perceived through different modalities, yet it can only exist and be understood if seen 
as a symbiotic spatial system.  
The spatial relations through symbiotic methodology rely as a co-evolutionary aspect 
of the artwork. These elements become the structural base to achieve and produce a 
coherent spatial composition. Similar to biology, the origin and evolution of such 
physical interactions might have one or multiple instigators; from the purely spatial 
ones until phenomenological and sensorial ones as motors of modalities. Resembling 
the Situationist art movement, circumstances might change while building up the 
work and consequently they do change the relationships themselves. Thus the 
construct needs to adapt according to new spatial circumstances or which types of 
media to use or even according to the instructiveness between user and object. 
                                                
 
34 “The Theory of Affordances” where J. Gibson defines affordances as all "action possibilities" latent 
in the environment, objectively measurable and independent of the individual's ability to recognize 
them, but always in relation to agents and therefore dependent on their capabilities. The term has 
further evolved for use in the context of human–computer interaction to indicate the easy 
discoverability of possible actions. 
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Symbiotic spatial relations have key importance as they epitomize the to functional 
structures and dynamics of a bio-artwork, providing a natural form of correlation 
between users, space and object. It is not about the physical output but the affordance 
of the dynamic input in which it interacts and correlates to space. 
3.2 Morphogenesis Specificity in Computational Biology 
Contemporary biology, like many parts of science, is increasingly dependent on 
computer technology. Among many sites for this interdependence, probably the most 
significant is the growth of high volume, high throughput molecular data generation, 
of which the best known instance is high speed gene sequencing. The question what 
to do with this data has spawned the boom in systems biology and has led many to 
question orthodox assumptions about science as hypothesis-driven. As biological 
models become ever more complex, the philosophical question also arises whether 
scientific explanation should require the possibility of design understanding. 
Morphogenesis is biologically defined as the process that causes an organism to 
develop its shape, along with cell growth and cell differentiation. Simultaneously, the 
evolution of form and its inner procedures are directly correlated with multiple 
symbiotic relations. Nonetheless, this process is a general blueprint, which is 
presently thoroughly studied by the field of Developmental Biology, what was 
previously known as the realm of Embryology. Embryology exists since Hippocrates 
and Aristotle, however as the biological answer became more complex, it required 
more specific fields, which created the increasing number of disciplines such as, 
cellular biology, molecular biology and genetics. This also generated the intent of 
establishing a holistic morphogenetic understanding of what we now know as 
Developmental Biology.  
The need to understand and to calculate the impact of every element in this 
evolutionary interactive and multi-performative environment requires new media, 
original tools and innovative computer models. As a result the subfield of 
Computational Development, which is determined by Evo-Devo, as it is by 
computers. Computational Development is structured to build models within the 
realms of Evo-Devo, which offer the potentiality of the virtual according to accurate 
techniques. These include self-designing, self-repairing, adapting and developing 
evolutionary solutions for problems. The effort has collateral advantages to enhance 
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the other computational based fields, such as evolutionary computation that are now 
transported into art and architecture. Nevertheless, the purpose of Computational 
Development enables the biological experiment with different hypotheses of how 
organisms develop, through the use of computational simulations. The ability to 
accurately reiterate, allows a deeper understanding and comparison of the processes 
of development from the dry lab or in vitro with the wet lab or in vivo experiments. 
The main objective of Evo-Devo scientists is to understand construction, and to 
identify how the mechanisms work, by the understanding of evolution, and how to 
create complexity by simple procedures.  
The same principle goes towards fabricating evolutionary machines that interact with 
the environment. Only some modules interact with the environment in capturing 
different information, by means of sensors. However, the way that information is 
processed within the code biologically known as the genotype, in this case influences 
the prototype, which subsequently affects further inner behaviors. In biological 
terms, these sequence of procedures corresponds to the process of morphogenesis, 
which is biologically known as the twofold dynamic relation between genotype and 
phenotype. By borrowing the understanding of the autopoietic genesis of form of 
evolutionary development enables the creation of new computational techniques, and 
consequently new forms of appropriating information. Yet, the manner in which the 
morphogenetic process is currently appropriated, it is generally detached from its 
biological aptitudes and merely used as a form-finding tool. 
If biology requires such a complex structure of disciplines, it seems reductive that 
one arbitrarily use of morphogenesis to generate something as complex as art or 
architecture. The specificity in the type of morphogenetic structure that a design 
departs from or which elements the genesis responds to are among the questions by 
Evolutionary developmental biologists, hence they should be among generative 
design. Indeed, the process is biologically similar for all organisms, however the 
manner in which physical processes and constraints affect biological growth should 
define some sort of a phylogenetic structure (Figure 3.9). Hence natural patterns of 
design should be taken into consideration to avoid the risk of falling into a mere 
representation of biological design.  
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Figure 3.9 : Simplified version of the Phylogenetic Tree of life according to the field 
of Evolutionary Biology (Ciccarelli, 2006). 
Among the spectrum of evolutionary developmental stages, emerge processes that 
specify how different types of cells are organized into spatial groups that contain 
different functions. Basically, each cell is free to evolve within, as long as the 
connections between their modules remain consistent. This characteristic gives 
complex results that include in each cell or module inner procedures, such as, loops, 
symmetry and sub-designs. These actions create a framework implemented in 
computational development, which consequently aim towards the usage of 
evolutionary algorithms in design. 
3.2.1 Self-organization in biological systems 
The discussion of complex and adaptive systems within computational biology 
concentrates on the dynamics and evolution of emergent properties. The movement 
characterized from low-level rules to higher-level sophistication is what we call 
emergence. Furthermore, emergence is simultaneously responsible for higher-level 
patterns arising out of parallel complex interactions between local agents. Self-
Organization is related to an array of pattern formation processes in both physical 
and biological systems. It defines a process in which a pattern at a global level of a 
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system emerges solely from numerous interactions among the lower-level 
components of the system. These low-level components are executing their functions 
by interacting with local components. 
The characteristics of self-organizing systems are dynamic and require continual 
interactions among lower-level, components in order to produce and maintain any 
structure.  In 1952, A. Turing theoretically described a mechanism that generates the 
animal coat patterns, which is based on the reaction and diffusion of chemicals 
interaction called morphogenesis (Saunders, 1992). These were open systems, which 
had a continuous entry of energy and/or matter, where reactions happened from 
chemical discrepancies and structures emerged through interactions of nonlinear 
chemical reactions. 
The identification of emergence centers around four principles - local interaction of 
neighbors, pattern recognition, feedback and indirect control also known as higher 
order systems or "wholes". Emergence became a fundamental concept in systems 
theory, where it denotes the principle that global properties define higher order 
systems, cannot generally be reduced to the properties of the lower order subsystems 
or elements. The process is translated as low-level unit interactions, which results in 
the gaining of new properties that are not only the sum of its parts. Since these 
properties come up through nonlinear interactions, thus creating unique outcomes. 
Emergence is a concept that appears in the literature of many disciplines, and is 
strongly correlated to evolutionary biology and systems theory among other 
disciplines. It is a word that is progressively more frequent in arts and architectural 
discourses, where it is often applied to express complexity, however lacking the 
adjacent notions and mathematical instruments of science. In the simplest universally 
applied explanation, emergence is understood as the properties of a system that 
cannot be deducted from its components, also recognized as something more than the 
sum of its parts. Certainly this description is possibly true in a latter sense, 
nevertheless it is quite imprecise to be constructive for the purpose of design 
research. One can more accurately define it, that in every higher-level physical 
property can be described as a consequence of lower-level properties.  
The studies on bottom-up structures and in specific in self-organization in biology, 
laid the ground for understanding of the process morphogenesis, which subsequently 
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evolved to what is presently known as the field of embryology. Self-organization is a 
crucial trait in Embryology, since it focus in processes of how something emerges, 
both functionally and formally. The focus in understanding how self-organization 
contributes to space in a similar manner, is acquiescent to the understanding of 
biological spatial systems. The operative formalization between biology, media and 
space, delineates the understanding about many elements intimately interconnected, 
thus becoming in a contextualized idiosyncratic element of this dissertation.  
Nonetheless, the mathematical and computational biological concept of emergence 
defines the assembly of functional structures in complex systems. This is achieved 
through a focus of systematic behaviors, as it constrains the performance of its 
individual components. If these lower-level properties acquire a fundamental role on 
biology as a whole, the reductionist approach to design is counterproductive. All of 
what follows depends on accepting the strong case put forth by DeLanda (2011)’s in 
“Use of the Algorithm”, where Deleuze’s “Difference and Repetition” (Deleuze and 
Patton, 1995) establishes the ontology of a world able to yield the results in emergent 
systems using the techniques of nonlinear dynamics. By showing the spontaneous 
appearance of patterns, the models of the behavior of complex systems enables us to 
think complex systems in terms of their power of immanent self-organization. 
Within the field of Biology and specifically Computational Biology, emergence 
refers to the production of forms and behavior by natural systems that have an 
irreducible complexity, and to a specific mathematical approach necessary to model 
such processes in computational environments. The significance of the use of 
emergence tends to confuse designers into its actual role in biological techniques by 
generalizing the definition as a computational characteristic of evolutionary systems.  
3.2.2 Implementation of biological processes in genetic algorithms 
The Evolutionary Algorithms (EA) is based on a stochastic methodology of search, 
which can be decomposed into four main disciplines within this field the genetic 
algorithm (GA), genetic programming (GP) and evolutionary strategies (ES). These 
correspond to problem solving strategies, which transpose into different applications, 
such as: design optimization, parametric design, music composition, art and more 
recently architecture. Alan Turing is often considered to be the father of modern 
computer science. Turing (1952)’s “The Chemical Basis of Morphogenesis” build up 
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the concept of the algorithm and computation while developing the Reaction–
diffusion systems mathematical models. This system describes how the concentration 
of one or more substances distributed in space changes under the influence of two 
processes: local chemical reactions in which the substances are converted into other, 
and diffusion causing the substances to spread out in space. It has also been argued 
that reaction-diffusion processes are an essential basis for processes connected to 
morphogenesis.  
Initially, GAs was the only known stochastic search methodology to have a clear 
separation between the genotype and the phenotype, thus unable to simulate 
biological evolution. The second step was the introduction of an inner factor that 
would react with a structure having different outcomes. However, each time this 
structure would have to introduce the inner factor, in order to obtain a new result. 
The first nonlinear GA was achieved with the help of modularity, since it replaced 
the inner factor with inner modules. The modules would contain multiple factors in 
which they would create outcomes with ability to communicate with the 
environment. The only flaw was in the fact that they could not evolve, since the 
modules were fixed combinations of factors.  
As previously described, the GA can only able to evolve and develop from a 
genotype to a phenotype, if it contains factors capable of communicating within 
themselves and the environment. The combination of this rhizomatic structure allows 
a simultaneous ability of multiple interactions, and has the potential to generate 
complex and organized behaviors. The computational development of a GA, 
incorporates in its modular structure a developmental code as the elemental factor, in 
which contains sensors and effectors are contained, in order to interact with either 
another module or the environment. In technical terms, the genotype code comes in a 
form of a recursive loop, translated by open variables which behave analytically or 
informatively. The codes might have their own rules to interrelate with either one 
type of module or many modular types, like in a biological base pairing not 
everything communicates with everything else. The same principle goes towards 
interacting with the environment, only some modules will interact with the 
environment in capturing different information. The way that information is 
processed within the modular code will affect the phenotype, which it will affect 
further genotypes. 
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At this point the GA has all the previous elaborations to which was added an 
evolutionary power, whilst the factors within the modules evolve according to other 
factors, modules and/or environment. Only now and with all these constructs 
combined can the GA evolve and develop by being influenced by the environment, 
similar to any biological organism. The importance of the GA in Evo-Devo is due to 
the combination of this rhizomatic structure with multiple branches, which 
potentiates the generation of complex and organized behaviors. The GA capacity to 
represent and balance the biological structure, is established through a system of 
sensors and effectors in order to interact with another organism or the environment 
itself. 
3.2.3 Optimization techniques in genetic algorithms 
A GA emulates biological evolution, in order to solve problems of optimization. Its 
general structure is formed by a set of individual elements that are acknowledged as 
the population and by a set of biological inspired operators that can perform iterative 
changes in the population. Concurring with the Theory of Evolution, only the 
individuals that are fit in the population are likely to subsist and subsequently able to 
generate offspring, thus transmitting their biological heredity fitness into new 
generations. 
From a Computational Biology point of view, genetic algorithms map strings of 
numbers to each potential solution. Each solution is understood as an individual in 
the population and each string of numbers becomes a depiction of an individual. 
There should be a way to derive each individual from their string representation. The 
genetic algorithm then manipulates the most promising strings in its search for an 
improved solution. The algorithm operates through a simple cycle generates a 
population of strings, the evaluation and selection of the best strings, and a mutation 
through genetic manipulation to create a new population of strings (Figure 3.10).  
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Figure 3.10 : Reproduction Cycle generates solutions to optimization problems such 
as inheritance, mutation, selection, and crossover. 
Each iteration produces a new generation of possible solutions for a given problem. 
Initially a population of potential solutions is created as an initial point, whereas each 
individual in this population is encoded into a string, which in biological terms 
known as the chromosome, to be manipulated by the genetic operators. In the 
following phase, the individuals are evaluated. First the individual is decoded from 
its string description and its performance in relation to the objective reaction is 
evaluated. This determines the degree of fitness this individual represents in relation 
to the others among the population. Based on each individual's fitness, a selection 
mechanism chooses the preeminent pairs for mutation through a process of genetic 
manipulation. This selection strategy is responsible to assure the crossover of 
information throughout the population, assuring the survival of the fittest. 
The mutation process employs the genetic operators to generate a new population of 
individuals by operating the genetic information possessed by the parents chosen to 
reproduce. This information is stored in the strings that describe each individual. 
Through the procedures of crossover and mutation a solution generated by this 
method and of the older population takes the place. The cycle is repeated until a 
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preferred level of fitness is attained or as a determined number of cycles is reached. 
Similar to biology, the latter procedure provides less accurate results as it involves 
fewer time for the transfer of genetic operators and fitness analysis to occur. 
Crossover is one of the genetic operators used to recombine the population’s genetic 
material. The procedure uses two chromosomes and swaps part of their genetic 
information to produce new chromosomes. According to embryology, this is an 
analogous procedure for sexual reproduction, which subsequently after the crossover 
point has been randomly indicated, portions or strings of the parent's chromosome 
are combined to create the new offspring. 
 
Figure 3.11 : Crossover Process allows the passing strings of traits from its parents 
to the offspring, also know as inheritance. 
The process of selection is associated with the recombination made by the crossover 
of genetic data and assures that particular hereditary structures are kept for future 
generations (Figure 3.11). These incessant mutated building blocks potentially 
represent the fittest genetic structures among the population. Despite all the 
intricacies, the recombination process alone is unable to explore potential sections 
that are not represented in the population's genetic structures. If such a situation 
occurs, it could make the evolutionary exploration get stuck around a closed interval. 
In order to assure continuous evolution, the process of mutation operates as a vital 
aspect (Figure 3.12). The mutation procedure introduces new genetic configurations 
in the population by a random probability distribution, thus varying some of its 
building blocks and serving the algorithm to escape closed intervals. Since the 
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modification has a wide probability in distribution it does not relate to any previous 
genetic structures existent in the population, thus allowing the creation of different 
structures related to other potential sections of evolution. Therefore, mutation is 
implemented by sporadically varying a random bit from a string. 
 
Figure 3.12 : Mutation process is a genetic operator that allows maintaining genetic 
diversity thus offering greater possibilities of survival. Here the operator is applied to 
the fifth element of the string. 
In order to optimize the GA techniques an amount of additional operators, different 
to crossover and mutation, can be introduced in the initial model. They frequently 
represent versions of the rearrangement or alterations of genetic material modified to 
constraints of a certain problem, which include operators based on inversion, 
dominance or edge recombination. 
The clarification of the optimization techniques assesses the stages needed to 
produce a genetic algorithm. Yet, an actual implementation needs to take into 
account certain problem-dependent parameters. In the case that the offspring 
generated by genetic manipulation can either change the whole population or just its 
less fitted members. Within this perspective, problem constraints normally dictate the 
best option between a generational or a steady-state approach. Additional constraints 
can be adjusted comprise the population size, the crossover and mutation rates, the 
evaluation method, and convergence criteria. A crucial form to improve algorithm 
performance is the choice of fundamental encoding for the outcome of the 
optimization issue. The most common technique is to convert individuals on the 
population into a coded form use binary encodings due to their easy implementation. 
In this particular case, the crossover and mutation operators previously described are 
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particular to binary encodings. If factors use figures other than 1 or 0, the crossover 
and mutation operators must be fitted accordingly, since a large number of 
optimization problems have continuous variables.   
Within the optimization techniques the evaluation stage is the one more closely 
related to the actual system which algorithm is attempting to enhance. It takes the 
strings that represent the individuals and from those building blocks creates the 
actual individual to be evaluated. The modes are the entities are coded in the strings 
will depend on what parameters one is trying to optimize and the actual array of 
possible solutions. Nonetheless, this exchange of information should not be too vast 
or the process will get sluggish, thus one needs to decide on the ideal size in order to 
well represent characteristics to be optimized. After the actual solutions have been 
generated, they have to be subsequently tested and scored. These two tasks again are 
very related to the actual optimization system. Whilst the testing phase depends on 
which characteristics should be optimized, the scoring phase is the production of a 
single value representing the fitness of an individual, which links to the relative 
importance of each value in different traits acquired during testing. The overall 
strategy of a GA requires the initialization of the population in which a module 
evaluates the individual fitness in order to potentially reproduce. This structure 
iterates stochastically and chooses two parents allowing the crossover of genetic data 
to the offspring and its fitness to populate. There is also a possibility that the 
individual is tested and score as environmentally fit but cannot reproduce. 
Overall, and always limited by its physicality, the GA can only evolve and develop 
from a genotype to a phenotype if it includes factors and modules capable of interact 
within themselves and the environment or surroundings. The permutation of this 
rhizomatic structure provides an aptitude to engender intricate nonetheless 
systematized actions. The computational development of a GA requires the 
integration in its modular structure of a progressive code as the elemental factor, 
which communicates with sensors and effectors in order to form its own 
phylogenetic traits. In technical terms, the genotype code comes in form of a 
recursive loop, translated by accessible variables that perform analytically or 
informatively. The code structure defines its own rules to interrelate with either one 
type, or multiple modular types. Similar to the biological procedure of base pairing 
not everything communicates with everything else. An equivalent principle goes 
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towards interacting with the environment, as only some modules will interact with 
the environment through the capture of information essential to its own structure. 
The construct in which that information is handled within the modular code will 
subsequently affect its physical structure, which successively affects and further 
evolve the genotype. 
3.3 Approach to Evolutionary Open Networks 
A basis for the application of an open network model of interconnectivity is extracted 
from the field of Evo-Devo. In the realm of Evo-Devo, the study of evolutionary 
relatedness among various groups of organisms is defined as phylogenetic, a central 
aspect in the transference of data between species, extracted from coevolution and 
parallel evolution processes. The functionality of the whole can therefore be 
achieved through site-specific data, while the "physical" would try to localize 
functional and environmental levels to interconnect to a nonlinear structure. The 
nonlinearity is structurally represented through evolutionary elements that allow 
novel types of speciation. The proliferation of spaces emerges in symbiosis to the 
evolutionary and multi-dimensional space. In this moment is when the functional and 
environmental biological procedures coexist, independent of their interconnected, 
single or parallel data structures. 
Open Spatial Systems are the initial point since they provide the critical 
characteristic of communication with the environment (Figure 3.13). This feature 
allows that all the elements outside the system, have the potential to affect all or part 
of the system itself. This input allows the resources to be received from the 
environment and directs the data through a process of conversion according to the 
rules set by the system. Subsequently, the results are outputted into the environment 
which through a continuing source of data, the relationship between the system and 
the environment has the necessary feedback to produce the required changes in order 
to evolve. 
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Figure 3.13 : Diagram of an Open Spatial System Model. 
In a sense, this approach aims to tackle reductionist approaches to generative design, 
and it supports all the necessary complexity, which makes any biological system 
meaningful. Similarly, in the 1940's by the biologist Ludwig von Bertalanffy 
proposed Systems Theory, which represented a reaction against both reductionism 
and attempt to restore the unity of science. General system theory, is a general 
science which relates to all the biological aspects required to produce life. In the 
expression, “The whole is more that the sum of its parts” (L. von Bertalanffy, 1973; 
1950) clearly implies that elements which constitute a particular organism are not 
understandable through the characteristics of those isolated elements. The 
characteristics are complex and dynamic thus they emerge as new. Presently, the 
theory is accounted as an interdisciplinary practice endorsing the study of systems in 
general, with the objective of clarifying constructs that can be applied to other types 
of systems at all levels and in all fields of research.  
In art and architecture, this system-based approach have independently been linked 
with the concept of Total Work of Art and biologically connected to the Correalist 
theory. Presently, the role of the computational design is to validate spatial design 
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beyond the full control of the designer or programmer. Works such as “Evolutionary 
Architecture” or “Liquid Architectures” use biological reference to the general 
systems found in nature, and the constant morphogenesis in response to an also 
constant change in their contextual criteria. This evolutionary network defines the 
elements that describe an evolutionary architectural model. The use of a genetic 
algorithm and the application of rules for initialization of the population, the 
evaluation and the fitness which iterates randomly to crossover the criteria for 
selection is one part of the evolutionary network. By setting out these constraints for 
evolutionary design, one goes beyond the usual notions of beauty, since neither 
biology nor nature is about aesthetics. The approach requires the user to form his 
own aesthetics, as it requires an personal set of principles concerned with the nature 
and appreciation of beauty.  
The framework point for gathering, constructing and representing space through a 
computer is distinct of the spectator or the spaces of reference, precisely because the 
computer contains them all, united into the same information construct. One single 
piece of vision, sound, space and time dismisses all normative distinctions between 
the real and the virtual.  Information constructs give no hint on a system like space 
that guides people into a preferred direction. There is no possibility that the system 
would function without content 35or space in this case. It is attached to human nature 
that we are looking for actual subjects to explore. In order to relate to this behavior a 
biological based model of interconnection is an extension to connect and evolve a 
network of spatial systems. 
Indeed, evolutionary algorithms form the basis of generative design. However in an 
evolutionary network approach, these algorithms regulate a diversity of formal 
solutions dependent on the manner of the information it is provided. Thus the work is 
always dynamic, always evolving and always different. The biological function has 
provided a structure to define spatial possibilities, but it cannot run endlessly inside a 
computer. If the real space can be part of the algorithm a more accurate evolutionary 
model is achieved. In order to create generative spaces, architects and artists should 
only use both representational and spatial factors. These open evolutionary networks 
                                                
 
35 An assertion proposed by Le Fevre in his work “Production of Space”. 
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can develop design but more importantly, they can propose a particular mode in 
which a space is experienced or expressed, both in the virtual and actual realms. 
3.3.1 Coevolution in immersive environments 
According to biological understanding, coevolution is considered when there is a 
change of a biological object triggered by the change of a correlated object. 
Coevolution continuously happens at many biological strata, from a cellular level it 
correlates mutations that occur between chemical components, or in macroscopic 
level it correlates phylogenetic traits between different species in an environment. 
Fundamentally, in order to coevolve in a symbiotic relationship each element applies 
specific demands on the other, thus affecting each other's evolution. If one looks 
from a macro level, the same exchange happens once an individual is in an 
architectural space. Yet, the clear difference is that the space, which is designed to 
affect us, does not evolve. Nonetheless, if we take the same principals into 
immersive environments one can witness a coevolution of the space and the 
individual. 
Co-evolutionary structures use a large number of clearly defined signaling pathways 
to regulate their activity. In this section, the attention is focused on the 
communication mechanisms responsible for transmitting information into the 
multiple spatial dimensions. These signaling pathways fall into two main groups 
depending on how they are activated. Most of them are activated by external 
stimulus and function to transfer information from the sensors surface to internal 
effector systems. However, some of the signaling systems also respond to 
information generated from within the spatial system, generated by genetic 
algorithms. For all of these signaling pathways, information is conveyed through a 
ubiquitous system interactions or it is transmitted in single dimensions, also referred 
as modalities. The communication often employs a number of these signaling 
pathways, and cross-communication between them that characterizes the important 
ubiquitous feature.  
The discussion of complex and adaptive systems within immersive and spatial 
characteristics, concentrates on the dynamics and evolution of emergent properties. 
The movement from low-level rules to higher-level sophistication is what we call 
emergence, and a higher-level pattern arising out of parallel complex interactions 
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between local agents. This emergent behavior became presents itself as a core factor 
in systems theory, as it represents the principle in which global properties defining 
higher order systems are actually bottom-up structures. Any imposed form of control 
cannot not be applied to bottom-up systems without jeopardizing its self-organizing 
abilities. This characteristic of irreducible properties is fundamental characteristic of 
the evolutionary process of emergence. The identification of emergent structures 
focus around the ability of a series of procedures depending on local interaction, 
pattern recognition, feedback and indirect control. 
The importance of rhizomatic properties of inner communication pathways 
establishes the overall operating system to regulate the n dimensional spatial and 
temporal activities. Similar to evolutionary systems during the processes of 
development, specific cell types - in this case sensors - select out those signaling 
systems that are suitable to control their particular functions, a form of perforated 
function that filters certain types of signals. These signals that own temporal and 
spatial factors, specify some of the initial conditions that look for a feedback in order 
to interconnect previously set conditions. Due to the capacity that a structure has to 
amplify spatial and temporal dynamic heterogeneities of the environment The system 
may have a wide array of evolutionary outcomes. Objectively, coevolution structures 
provide a non-linear relation between spatio-temporal factors. Parallel to biological 
definition, the object is activated by the change of a related object. Coevolution may 
occur at many levels or in between levels, by linking previously detached immersive 
and spatial elements. 
3.3.2 Interaction in evolutionary spatial systems 
Intrinsic to the construct of evolutionary networks, is the use of a multimodal design 
procedure by calling upon multiple media along a single algorithmic structure. 
Nonetheless the process of coevolution can only occur, if there is a possibility of 
interaction with the system. This exchange between automatic control systems in 
both machines and living things is the study subject in the field of cybernetics. The 
design relevance in the use cybernetics is linked to the cognitive aspects of this 
association of multiple systems. 
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Figure 3.14 : Gordon Pask’s physical interface for “Evolutionary 
Architecture”(Frazer, 1995). 
The use of cybernetics in art and architecture is not new, and is highlighted in the 
“Evolutionary Architecture” as Gordon Pask36 was particularly interested in how 
interactive systems might be applied to the architectural design process in order to 
evolve structural form and behavior (Figure 3.14). Pask’s understanding is 
particularly important since it suggests how, in the emergent field of ubiquitous 
computing, humans, devices and their real and virtual worlds, can coexist in a 
mutually positive association.  
Having the ability to interact with multiple spatial systems, Pask’s experiments with 
electrochemical systems provide a conceptual framework for building interactive 
objects. Without becoming rigid or restrictive, the structure of these artifacts are able 
to deal with the natural dynamic complexity that environments embody. An example 
of such natural mode of interaction with space is in the interface used in 
“Evolutionary Architecture”. By appropriating the human competence to manipulate 
cubic modules, a natural mode of interacting with a computer is achieved, but more 
importantly a form of interacting in both real and virtual spatial systems (Figure 
3.15). 
 
                                                
 
36 A. Gordon Pask, a psychologist who made significant contributions to cybernetics (Haque, 2007). 
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Figure 3.15 : Diagram of a Cybernetic structure. 
In this context, these artifacts demonstrate interactive systems that encourage 
distinctive interaction profiles with each user. This allows necessary unrestricted 
interpretation of any context that is particularly important to consider in any design 
process, and more importantly to achieve a natural spatial experience. This 
interaction becomes spatially applicable when our actions are recognized by the 
system and where a reaction by the system generates some feedback in its 
environment (Figure 3.16). The fact that one is aware of the interaction with multiple 
systems is known as second-order cybernetics. By being part of the system, and the 
importance of consciousness, along with the self-organizing abilities of the system, 
one can never understand how the arrangement works by because the users are 
continuously engaged with the system.  
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Figure 3.16 : Diagram of the Second-Order Cybernetics structure. 
This parallel awareness and interaction with different spaces makes it clear that we 
need to be able to make intelligible relations with our environmental systems, rather 
than simply doing exactly what we instruct them to do. This fundamental change 
departs that one must know exactly what to do while interacting with machines, 
which implies that one must know the terms that are predetermined by the original 
designer.  Alternatively, the interaction with evolutionary systems informs what they 
consider for the individual. This approach relies on the environment interpreting our 
spatial needs, as the system informs us with a method for comparing our notion of 
spatial conditions with the one designed by the evolutionary conception of the space.  
It is vital at this stage in the development of interactive and time-based media to 
reconsider authoritarian models of interaction, particularly because today’s user is no 
longer inexperienced in dealing with technological interfaces. The present society 
expects more than a general form of interaction, and is also increasingly able to 
comprehend the structures behind them. An evolutionary approach to spatial systems 
does not necessarily require complexity of interaction as it relies on the properties of 
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the media and the computational design across an interface, being this technological 
or otherwise. Presently an individual is already socially ubiquitous thus this manner 
of interaction should also transverse into spatial qualities.  
3.4 Biological Media in Spatial Design  
From the Computational Biology standpoint the genetic code of an organism is 
indeed scripted and can be reproduced medium by means of communication. As such 
biological generated spaces evolve with the continuous dematerialization and 
materialization of the space it self, with the virtual having a correspondence in the 
actual. This differs from previous spaces, by processes of representation, automation, 
evolution and transcoding.  
The computational power in biology can linked to the development of the probability 
theory and its mathematical foundations in the analysis of random phenomena. The 
philosophical of a computational approach to the mathematical and biological can be 
found in Being and Event (A. Badiou, 2007). In Badiou’s analysis on the 
mathematical observations and the intricate taxonomy required for particular fields, 
allows new interpretations of what or how much is one. Being this approach part 
mathematical and part scientific, Badiou’s construction of the potential for deep, 
transformative innovation in any situation, relates to a multi-mediated space. The 
concept can be found in Badiou’s work as consistent and inconsistent multiplicities, 
which represent the virtual and actual forms. The essential and incessant processes of 
form-finding in architecture, consider architecture as a form of artificial life. By 
proposing a genetic representation in a form of a code, which can be the subject to 
developmental and evolutionary processes in response to the user and the 
environment. The objective of consistent multiplicities within a spatial medium, is to 
attain in a space of symbiotic traits and metabolic balance which depart from the 
natural environment. In order to achieve symbiosis, the space requires to operate 
similar to a biological organism, in a direct analogy with the underlying design 
process of nature, as a self-organized space. 
Deleuze and Guattari's topological system of thought becomes fundamental to a 
suitable understanding of contemporary science, from self-organization to 
complexity theory. The Bergsonian and Deleuzian notion of the topological 
difference as virtual imply kinds of transformations and dynamics, which lead to 
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what is posed as a level of consistency. This level of consistency has to create 
networks between virtual space, code and design of space, which finally 
rematerializes in the actual. Still in both spatial cases data provides different 
meanings even though the patterns of relationships can be the same. The difference 
relies in the dynamics or the level of development, as the process of regulation varies 
according to virtual or actual materiality. This relation between virtual and real 
corroborates with the Deleuzian notion of biological philosophy in which informatics 
is not necessarily virtual, since it operates from an actual medium. From a 
computational biology perspective the biological and the digital realms are presently 
ontologically combined, as the biological informs the digital and the digital embodies 
the biological. 
Whilst biology and the digital have established their ontological relation, new media 
and architecture are presently determining theirs. The ongoing conciliation relates the 
updated appropriation of previous medias by social culture and can be understood as 
an aspect of remediation. Currently this process involves immediacy and 
hypermediacy, where the first is defined as transparent and the latter is saturating and 
offering empowerment to the subject by the usage of multiple media tools. The 
language of new media differentiates from previous media by numerical 
representation, automation, variability, modularity and transcoding. Therefore, 
modularity and transcoding allows any social culture to relate in a multimediated 
space. The present one is both a medium and mediated, however the body and 
technology are ontologically distinct, as the extension of the body through media 
empowers the communication of ideas or ideals. A novel way of considering space 
as media is to understand its components and their subsequent relationships. Thus, 
the enhancement of the biological factor through new media is a from of potentiating 
these ubiquitous relations into spatial organizations, which similarly one tends to 
communicate through.  
In order to determine a biological mediated form of spatial design a technical re-
contextualization of biological elements and processes is involved. This requires the 
understanding that the genetic code of the body is indeed scripted and can be 
reproduced as medium by means of communication. However, the code of every 
individual is always, until a certain extent, related to our subjective experiences and 
form of expression. In this manner, biological media evolves with the continuous 
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virtual and actual manifestations of every individual in correlation with space. This 
evolution is set on biological and technical elements that use common protocols. The 
hyper-mediated technical protocols as IP, FTP or HTTP are processed in the 
computer through sending a code, which is assembled in order to reach a final 
destination. Nonetheless, this information might be channeled through different paths 
and networks according to efficiency, and consequently being reassembled in our 
computer.  
 
Figure 3.17 : Map of how individual elements of the cell generate behaviors that 
allow survival in changeable environments,  and collective cellular organization into 
structured communities (Palsson, 2011). 
In computational biology, similar protocol structures can be described as encoding, 
recoding and decoding in Biomedia. The encoding protocol is a boundary crossing 
process, a progressive transition from one medium to another, which might 
incorporate a shift in material substrates. It differs from dematerialization, as it is the 
data translation from one format to another, from one substrate to another. 
Subsequently, the recoding protocol extends of what was encoded in ways specific to 
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its medium. In a classical sense recoding constitutes a form of reprogramming by 
adding or modulating a code to perform efficiently. The principal characteristic of 
Biomedia lies the way computational biology legitimizes the process of decoding.  A 
process of encoding are associated with digitalization, but actually are the transport 
of data across media, as well as, if recoding associates with programming, but 
actuality is the extension of data to a specific medium. Then decoding could be 
compared to cryptography, but fundamentally the protocol searches for ways of 
assemble information from noise. Its process is based on algorithmic methodologies 
in order to link different parts. To achieve a level of consistency between mediums 
encoding allows this crossing process. By encoding the space with the level of 
consistency, in other words a progressive transition from one medium to another, a 
change in material substrates. It is different from dematerialization, as it is the data 
translation from one format to another, from one substrate to another. Also in 
Deleuzian terms as it is stated in bodies without organs. Data inheres in any 
organization of matter and the protocols of encoding, recoding and decoding adds 
another dimension (Figure 3.17).  
The cross platform strategy does not represent a dematerialization of virtual domain. 
In unity with evolutionary strategies, a consistent multiplicity points towards a 
reliable evolution in the coding process, which is not the digitalization of space but it 
empowers certain kinds of data to be redistributed throughout distinctive platforms. 
Evolutionary spaces are continuously dependent to a biological realm not with the 
objective of being active. The purpose of evolutionary spaces is to enhance the logic 
and function of the bio, to materialize biology beyond itself. In this particular is 
achieved through passages across platforms, which in itself is a form of dynamism.  
Dynamics that go from the genetic traits to computer codes into what might stand 
more than biological based structures, a sort of biosynthetic functioning structures. 
These spatial assemblies become unique by having the virtual statement, but also in 
achieving the interaction with the development of an evolving form. Therefore the 
development of specific instances of the form can also be influenced by the physical 
environment of the structural space. Through these continuous strand of protocols 
Bio-media stands as a technique where a data inheres in any organization of matter 
and the process of encoding adds another dimension. Similar to the principle of 
cybernetics, data may also be transported across different media irrespective of its 
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content. The difference between matter and form lays in a complex formation 
acquiescent to quantification. It lays in a quantifiable iteration, a continuous spatial 
rhythm or a pattern of relations. 
3.4.1 Bio Computer Aided Design 
From a design methodology stand point Computational Biology engages the 
development and application of information into theoretical methods, through the use 
of computational simulation techniques to the study of biological systems. Similar to 
new media or architecture, the composition or design of biological structures 
depends on the transition of media. In other words there is not one unique program to 
evaluate all the biological models or modalities. Architects and computational 
biologists resort to multiple Computer Aided Design (CAD) programs to fully 
understand the results of their creations. This requires different experts in order to 
analyze and compose the proposed complex design systems. Inversely a Bio-
mediated workflow allows to automate the production of biological networks from a 
overall platform. 
The use of methodologies in computational biology research is based in the digital 
analysis of information attained form random phenomena. This proto-informatic 
approach to the biological and medical can be found in M. Foucault’s analysis on the 
medical observations and their intricate taxonomy required for modern medicine. 
These studies are then appropriated into his philosophical work, as power rules over 
life, and subliminally biology in the “Order of Things” (M. Foucault, 1994; 1966). 
However the first computer databases for biological research came in the mid 1950’s 
focusing in molecular biology. From a bioinformatics perspective, this may have 
been influential in the practice of data-basin of organisms at a molecular level. It 
should be stressed out that these approaches were not involving digital computing 
but rather a analogue computing, as they were using in vivo procedures. 
The first bio-informatic computer databases were built in the 1970’s as Protein Data 
Banks. In the 1980’s with the increased number of personal computers in universities 
and the expansion of the Internet, it triggered a development in computer biology 
tooling. Nevertheless, the greatest boost in this filed was the Human Genome Project, 
which went from single study sequencing a bacteria or the derivation of structural 
data from a protein to the universality of the genome. At this moment, the problem of 
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the organism as a database and transporting that database from one medium (living 
cell) to another (the computer database) emerged. The interdisciplinarity of 
Bioinformatics dispersed to other fields, as it incorporates biology and computer 
science within its research. This arrangement promoted the birth of computational 
biology and its computer aided design tools. 
 
Figure 3.18 : Tool-chain to Accelerate Synthetic Biology Engineering, workflow has 
four general stages: specification, compilation, part assignment, and assembly (Beal, 
2012). 
Similar to architecture biology also uses CAD platforms, known as Bio-CAD, in 
order to design their systems. Nonetheless, they solely rely on algorithms to project 
even the simplest biological structure. In order to make a translation between 
adjacent models and implement them as a set of software tools, these algorithmic 
structures can be identified into a four stage workflow: Specification, Compilation, 
Part Assignment, and Assembly (Figure 3.18). In order to pass from one stage to 
another all the information needs to be manually encoded, recoded and decoded. 
Parallel to the energy and time lost in the process, and more importantly during the 
transition from media to media, these protocols highly conductive to inaccuracies. 
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Recently, a tool-chain system was developed in order to combine a workflow for the 
design and production of biological networks within a single program of 
specifications. The relevance of such a development for the Function of the Bio 
emerges from the assertion of combining multiple models under a single platform. 
Scientific processes are based on analysis, comparison between information, or a 
comparison between data. The translation of specific biological information into data 
has to acquire the exact properties from the biological domain to the computerized 
domain. A change in the algorithm means a change in the design. The equivalency, 
back and forth, accountability and generative power of algorithms, in relation to 
design are related in which the design components are bio-mediated. Translations 
without transformations incorporate the required the tension of conserving bio-logic 
across all media, while instantiating modes of reassembling those exact bio-logics by 
reconfiguring the code.  
The data used in BioCAD informatics creates networks between biological samples, 
databases, software, programming languages and design of biomolecules, which 
finally rematerializes in vitro by means of computation, or in vivo by means of 
physical experiments. Still in both cases biological data provides different meanings 
even though the patterns of relationships in its bio-logic are the same. The difference 
relies in the relation of patterns in its bio-dynamics, as the process of regulation 
differs according to biologic materiality and informatics materiality. This 
corroborates with the Deleuze’s and Guatari’s biological philosophy in which 
informatics is not necessarily virtual. As the Deleuzian notion of difference as virtual 
quality, implies kinds of transformations and dynamics, which are currently unsolved 
challenges. The structure of a bio-mediated spatial system does not aim to investigate 
the outcome, but to potentiate an integrated multi-mediated system, that is capable of 
allocating modal aspects of space, beyond function and aesthetic models. 
3.4.2 Diffusion-Limited Aggregation in morphogenetic design 
Within the biological process of morphogenesis different procedures potentiate 
different species by setting different types of cells to organize and communicate in 
groups that contain specific functions. Basically, each cell is free to evolve within, as 
long as the connections between their modules remain consistent. These processes 
are very specific in the form they evolve, in order to be fit in a determined 
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environment. Specificity in the process of morphogenesis is an important factor that 
is continuously neglected in the field computational architecture and becomes even 
more critical if we deal with the field of interactive spaces.  
The science of Evo-Devo emerged simultaneously with some of the earliest ideas by 
D'Arcy Thompson on how physical and mathematical processes affect biological 
growth, which were subsequently applied and developed in the reaction-diffusion 
mathematical models by Alan Turing. These works propose the presence of chemical 
signals and physic-chemical processes such as reaction and diffusion (activation and 
deactivation) in cellular and organismic growth. The mathematical translation of 
these chemical processes proves to be the basis of what later become known as the 
field of Computational Biology. This field is established in interdisciplinary 
environment, which is determined by Evo-Devo, as it is by computer engineering. 
The usage and understanding of evolutionary development enables the creation of 
new computational techniques, which recurs in the improvement of science as well 
as technology. This stance though the combination of computers and biology, 
provides a scientific a correlation of biological behaviors as data. Specificity can be 
understood as a measuring component, which correctly limits the modularity 
biological behavior. A critical standpoint if the strategy aims to be accurate in order 
to produce specificity in a biologically oriented design. 
Departing form the understanding that morphogenesis involves a change in the three-
dimensional form of the developmental process of any organism. This emergent 
process encompasses a set of simultaneous procedures, which include cellular growth 
and differentiation, as well as, environmental changes that generate specific 
dynamics. The speciation occurs through a set of genes called the hox genes that 
through biological modularity allow specificity in adaptation without having 
collateral effects in the overall design. Computationally speaking this can be 
understood as Diffusion-limited aggregation (DLA) a process whereby cells follow a 
random path due to Brownian motion cluster to form aggregates of similar cells 
(Witten and Sander, 1981). Overall the complex nature of these aspects is intrinsic to 
biology and therefore to the architectural understanding of the Function of the Bio. 
Consequently, an analogous morphogenetic use of cell-differentiation and cell-
signaling becomes a crucial aspect in the system of communication between media 
and space. With an equivalent biological modularity to the hox genes, space can now 
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perform within particular modes in which correlates to the environment, another 
individual, or even another space of the same kind. 
3.4.3 Embryogenic phase of gastrulation 
In order to support this methodology, the use of Gastrulation as a specific phase of 
morphogenic development was selected. Gastrulation is a particular coordinated cell 
migration that forms a gut, which is a process also known as invagination. In some 
cases it might form as a blastula a spherical layer of 128 cells surrounding a cavity. 
Developmental processes are crucial in construction and self-organization, which 
form the structure that drives a cell to become a multicellular organism. There are 
five main processes that are involved in the biological development. These are 
cleavage divisions, pattern formation, morphogenesis, cellular differentiation and 
cellular growth. All of which are collectively controlled by proteins that are 
assembled by amino acids, in which are produced by genes. 
 
Figure 3.19 : Gastrulation From Cells to Embryo (Stern, 2004). 
Cleavage Division occurs when a fertilized cell undergoes a series of divisions to 
create more cells (Figure 3.19). There is no increase in cellular mass and the result is 
a hollow ball of cells, known as blastula.  The blastula production comes out form 
Pattern Formation processes that occurs when pattern of cell activities within the 
embryo is organized to develop a viable structure. This structure contains two main 
stages, Fate Maps and Germ Layers. Fate Maps are defined by positioning the body 
plan, which defines where each cell is going to be placed. Simultaneously, the Germ 
Layer process organizes different cell types by layer in order to produce different 
functions, such as the ectoderm, mesoderm and endoderm of a cell. These different 
cell functions occur by cell differentiation process where the cells acquire a different 
structure or a type (Figure 3.20).  
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Figure 3.20 : Gastrulation in Sponges (Stern, 2004). 
Cells are differentiated not by the genetic material but their different proportions. 
Cellular differentiation occurs due to cell signaling and asymmetric division, which 
occur simultaneously. The cell signaling process can also be called as Inductive 
Signaling as the cell genome selects a single signal set expecting a singular response. 
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Cell signaling also allows cells to detect and respond to extracellular environmental 
conditions, which allow their growth and differentiation. To complete this cycle of 
development, the cells multiply by duplicating their matter and consequently 
reproducing into a parent and offspring. 
These processes are achievable due to the presence of chemical signals and physic-
chemical processes such as reaction and diffusion (activation and deactivation) in 
cellular and organismic growth, hence establishing a direct link to the development 
of an embryo. The accurate study of this process requires an inter-disciplinary 
environment determined by Evo-Devo, as it is by computers. Due to the complexity 
of its elements and intrinsic connections, the understanding and practice of 
evolutionary development prompts the creation of new computational techniques, 
which rematerialize in the improvement of science as well as technology. This a 
arrangement of computers and biology permits decoding of biological behaviors into 
data. 
By encoding the biological data, recoding for a certain medium and decoding it in 
that medium, we allow the presence of biological behaviors in a previously inert 
element, what can be called as a bio machine. The bio-machine is an autonomous 
agent which requires three characteristics; a sensor, which receives information from 
the environment or other machines; a code containing the logic which combines 
information; and an effector that can perturb the environment or other machines. All 
of these have equivalent elements in a biological model. It is the bio-machinic intend 
that holds biological translation into the technological behaviors, making natural to 
interact and transact with them. This provides the bio-machine to communicate with 
one’s objective and subjective experiences. 
3.5 Biological Procedures in Heterogeneous Spaces 
The Biological procedures in evolutionary spatial systems departs from the 
predicament that it is necessity to notice that space, presently appearing to form the 
horizon of our formation, our theory, our design, is not an innovation. Space itself 
has a history in composition and in experience, and it is not possible to disregard the 
fatal intersection of our time with our spaces. Open artworks are an integral part of 
this assertion as well as the synthesis of artworks into a Total Work of Art. 
Heterogeneous spaces advocate the use of open systems of communication, which 
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follow a biological trait in order achieve artistic unity through ubiquitous systems of 
spatial communication. 
The last trait in heterogeneous spaces is that diverse foundations have a function in 
relation to consistent design. This function unfolds between two extreme poles. 
Either their role is to create a space of illusion that exposes every real space, as still 
more illusory. Or else, on the contrary, their position is to create a space that is other, 
another real space, as perfect, as meticulous, as well arranged as ours is messy, ill 
constructed, and jumbled. This latter type could be potentially understood as the 
concept of “Of Other Spaces, Heterotopias” (M. Foucault, 1980). 
A new space is a general proposition in the design world, where design or research 
departs from a place or particular physical point. In this particular research, the 
design departed from spaces that were simultaneously physical and virtual. These 
describe places and spaces that function in non-hegemonic conditions. Meaning these 
are spaces of another kind, which are neither here nor there, similar to the definition 
of Foucault’s as heterotopias. The proposition is to engage and perceive the 
environment that surrounds us as an incomplete space. The totality is achieved 
through sort of mixed, cultural and bodily experience, which can be understood as 
spatial correlation between the actual and the virtual. 
Correspondingly, a biological procedure always presupposes a system of opening 
and closing that both isolates them and makes them penetrable. Similarly, a 
ubiquitous system is not freely accessible like pervasive system. Altogether the 
system is rhizomatic, as in the case of entering the space, however communication 
between virtual and real artworks has to submit to interdepended biological traits. 
Independent to any kind of narrative a biological system is independent to dogmatic 
constructs due to its non-linear scientific nature. It holds limitations through 
paradigm shifts in science, nonetheless its open character within a Total Work of Art 
is autopoietic and irrefutable. 
3.6 Dimensions of Parallel Spaces 
Fundamentally based on the Deleuzian notions of virtual and actual, parallel spaces 
are accomplished through sort of mixed modalities, which can be unfolded as a 
spatial correlation between the actual and the virtual. Their dimensionality however 
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emphasizes the addition to the quantitative difference in degree, as well as there is a 
qualitative difference in kind.  By simultaneously operating in a spatio-temporal 
despite their ontological variants, the fundamental quantities of both the virtual and 
actual spaces are fit and enable to correlate. The actual space becomes virtual and the 
virtual image becomes actual, as the spaces crystallize. At this point, the 
discrepancies between the actual and the virtual correspond to a fundamental 
fragment in time, when space evolves by differentiating itself according to a twofold 
trail. This space becomes a synthesis of time, where the past becomes indeterminate, 
the present experimental and untimely, and the future unfamiliar. 
Throughout the parallel use of virtual and actual spaces, it is not an exaggeration to 
contemplate the virtual as the drama of the production of possibilities. This situation 
leads us to the tools now used to develop novel forms of architecture, such as 
cybernetics and virtual reality, aspiring to simulate and translate reality, leaving the 
way open to possible worlds. The focus on the parallel use of multiple dimensions is 
on modes of experiencing the space, which occur through behaviors of 
decomposition of multiple models. The proposition of parallel spaces addresses the 
use of dimensions by producing a multimodal space where the designers would make 
simultaneous use of multiple spatial modalities that include immersive and tectonic 
phenomena. 
Within a concise biological accounts, the space translates models and communicates 
modalities that express interaction and surrounding conditions through the use of 
immersive and tectonic models. The overall strategic objective is to correlate virtual 
substance to matter, as a form of seeking dimensional reciprocity between spatial 
properties, behaviors and structural geometries. Nevertheless this reciprocity can go 
beyond deterministic interdependence and into a multiplicity of potential 
associations. Through the dimensional use of parallel spaces, the user may verify the 
discursive claim of computational design as a strategy that manages complexity by 
integration of disparate elements into a heterogeneous yet parallel system. 
3.7 Properties of Evolutionary Spatial Systems 
The definition of spatial systems is based on a set of interacting or interdependent 
dimensions, real or abstract, forming an integrated whole. The concept of an 
integrated whole can also be stated in terms of a system embodying a set of 
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relationships which are differentiated from relationships of the set to other elements, 
and from relationships between an element of the set and elements not a part of the 
relational system. 
The properties of multimedia can be uncovered in Badiou’s consistent and 
inconsistent multiplicities by characterizing the virtual into sonic, visual and actual 
forms. The essential form-finding processes in architecture consider architecture as a 
form of artificial life, and propose a genetic representation in form of a GA that can 
potentially be subject to developmental and evolutionary procedures responsive to 
user and environment. The purpose of consistent multiplicities within spatial media, 
is to attain in a fostered environment with a symbiotic behavior and metabolic 
balance found in the nature. Furthermore it aims to operate like an organism, not 
only in a direct analogy with the underlying design process of nature, but an 
organism that enforces its existence beyond the know type of nature, an allospace. 
This biologically structured allospace channels across sonic, immersive and tectonic 
mediums do not represent deconstruction of the any domain. In harmony to 
evolutionary schemes, a reliable multiplicity leads towards a consistent development 
in the algorithmic process. This is not by simple the digitalization of space but by 
enabling certain types of information to be organized throughout diverse platforms. 
Evolutionary spaces are unceasingly supported to the biological domain not in order 
to be dynamic, but to augment the “bio”. In this sense the “bio” extends to the 
modern scientific use of “organic life”, thus materializing the bio-logic beyond itself. 
This is made through passages across platforms, which by itself is a form of 
dynamism from the genetic to computer codes, into what might be more than 
Biological based structures. In this manner Evolutionary Spatial Systems are unique 
structures thru the addition of an active and perceivable virtual statement, but also in 
achieving the interaction with the development of an evolving form. Consequently, 
the development of specific instances of the space can also be influenced by the 
structure of the physical space. 
The evolutionary properties of spatial systems investigate the abstract properties of 
matter and organization, searching for concepts and principles that are independent 
of the specific domain, substance, type, or temporal scales of existence. Most spatial 
systems share the same common characteristics that include, structure, behavior and 
interconnectivity. The decomposition of these characteristics infer in the history and 
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philosophy of space. From both scientific and philosophical point of views, spatial 
systems can be questioned through spatial abstraction, since a spatial system is 
always defined through its parts, composition, information, as well as by its 
structural relationships. It can also be understood as a form of virtualizing tectonics 
and materializing new media. 
3.7.1 Correalism and computational biology technique 
The construction of space, either virtual or real is a transitional element, as it is build 
in our minds and in the actual space. In order to experience space both virtual and 
real, one has to be there. As we are constantly immersed into a space, our mental 
space is constantly producing new paths of connections, either consciously or 
unconsciously. As such the staging of the real space – physical and social - is a sum 
of mental elaborations with actual objects that are stable. This as the possibility to 
change if the environment becomes virtual, where there is the potential of actual 
situations becoming also dynamic as our mental space.  
Through Computational Biology genomes encode elaborate developmental 
programs, which are executed in the process of morphogenesis. Molecular-genetic 
study of development has uncovered many, and in some cases most, of the genes that 
define the adult body plan and control the development. Yet the dynamical process - 
the "executable program" of development- that links genes and molecules on 
subcellular scale to the resulting macroscopic shapes and structures remains far from 
understood. It is interesting how the spatio-temporally regulated cell proliferation 
and differentiation give rise to limbs and organs with correct size, form and function. 
The understanding of this problem requires identifying the intercellular signals and 
biological interactions that propagate information throughout the tissue and define 
collective behavior of cells. It is on this mesoscopic scale of intercellular interaction, 
that the bridge between molecules and the large-scale morphology is to be found. 
The macroscopic description of morphogenesis presents what is, in essence, a 
physical science problem and demands a quantitative and mathematical approach. 
Tremendous recent progress in fluorescent microscopy and live imaging of 
development, together with tools enabling genetic and mechanical perturbation of 
tissues, have now opened the floodgates of quantitative data, enabling the pursuit of 
D’Arcy Thompson’s agenda of understanding how "growth" defines "form". 
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Regardless of a system's complexity or scale, its growth can be considered to be a 
spontaneous thermodynamic response to a local convergence of down-gradient 
material flows. Here it is shown how system growth can be constrained to a few 
distinct modes that depend on the time integral of past flows and the current 
availability of material and energetic resources. These modes include a law of 
diminishing returns, logistic behavior and, if resources are expanding very rapidly, 
super-exponential growth. For a case where a system has a resolved sink as well as a 
source, growth and decay can be characterized in terms of a slightly modified form 
of the predator–prey equations commonly employed in ecology, where the 
perturbation formulation of these equations is equivalent to a damped simple 
harmonic oscillator. Thus, the framework of Correalist and Computational Biology 
suggests a common theoretical under-pinning for emergent behaviors in the physical 
and life sciences.  
The complexity or scale of anything can be defined requires some local correlation to 
be recognizable. The correlation requires a gradient and therefore a local exchange of 
material and energetic flows. Physically, flows are across an medium that is related 
to the magnitude of the local space and surface of the system. The dimensional 
reasoning requires that flows must be proportional to a length dimension. Whether a 
spatial system is open to evolution, the system size itself can either grow or decay, 
depending on the data type from to its evolution. This subtle but important difference 
leads to the perturbation operations for a restrained simple structure that is ubiquitous 
in interaction and have also can be identified as an ecological system. Although it has 
been notoriously difficult to specifically identify what makes biological life so 
idiosyncratic and outstanding, there is a common understanding that its informational 
quality is a fundamental property. The unique informational narrative of living 
systems suggests that life may be characterized by context-dependent causal 
influences, and in particular, that top-down causation, where higher-levels influence 
and constrain the dynamics of lower-levels in organizational hierarchies. This may 
be a major contributor to the hierarchal structure of living systems.  
Through a Correalist approach to Computational Biology strategies the proposition 
of evolutionary spaces that the origin of spatial existence corresponds to a physical 
transition associated with a shift in causal structure, where information gains direct, 
and context-dependent causal efficacy over the matter it is instantiated in. Such a 
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transition may be analogous to traditional physical transitions such as responsive 
systems. The crucial distinction is in determining which phase a given system 
requires dynamical information and therefore can only be inferred by identifying an 
underlying spatial system. The correlation between self-assembly and computation 
suggests that from can be considered the output of a self-assembly system, a set of 
elements that fit together in order to formally create a correalist evolutionary space.  
This becomes an architectural space, as it intersects public spaces with virtual ones, 
and enables a mental and bodily experience. This understanding allows the user to 
understand the staging of the space as a result of potential correlations which are 
actually being expressed virtually. The social and interactions with real and virtual 
space will be done without artifacts, therefore embodied in a natural manner. The 
outcome of this intuitive relation between real and virtual spatial environments 
creates new artistic and social natural appropriations, which would generate new 
understandings towards natural and artificial logic in the production of space. 
Departing from the same realms of Kiesler’s paper “On Correalism and the 
Biotechniques” the Correalist approach detaches from its original source as it aims to 
frame biological modes of engaging with the virtual and actual spaces. What was 
then acknowledged as a Total Work of Art may presently be understood as a system. 
An holistic open network of biological driven immersive and actual space. 
3.7.2  Spatial systems 
History has provided successful examples of the merger between architectural and 
multimedia. This fusion linking architecture, technology and science provided us 
with applications of the virtual. However, despite this asset of being aural, tactile and 
visual, the clearest multimodal relation is directly connected to one’s being, 
transforming itself according to the data it captures from one, and reforming the 
ideas and the way of thinking of the one. By simulating consciousness, it allows us to 
extend our central nervous system, defining a spatial machine. It creates a link 
between different communication levels by involving them within each other’s 
existence. The machine shapes and controls the scale and form of human association 
and action. Such a machine becomes also transactive, as the action and the reaction 
occurs at the same time, and extrapolates to multiple time and spatial mediums.  
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Every medium can be characterized by being passive or active. A passive medium is 
one that extends one single sense in observance. This state is characterized as already 
being filled with data, such as form and light. Generally, passive mediums do not 
leave so much to be filled in or complete by the audience. Therefore, architecture is 
low in participation. On the other hand, active media are high in participation or 
completion by the audience. In a spatial medium, there is high participation by the 
audience, as the medium is very responsive and interactive, therefore machinic. It 
can evolve with one’s influence and data input.  
Every spatial machine has a structure and a configuration that would allow different 
individuals to understand and get in interaction with it. Thus no architectural medium 
has its meaning or existence alone, but only in constant interplay with other machine. 
The proposed methodology aims towards the production of multiple affects through a 
Correalist system that links space and dynamics. This methodology on spatial 
systems and their capacity to produce autopoietic multimodal spaces, by extracting 
and translating basic dynamics, to be used as systems to proliferate different spatial 
modalities. The strategy distinguishes a computational transition from tessellation to 
a form of modulation based on biological flexible systems. The strategies proposes to 
move spatial understanding away from a “mechanistic” notion of producing forms, to 
a idiosyncratic “machinic” notion of systems that determine how phenomena of a 
space correlate and evolve. This biological nature of transversal systems leads to 
novel multimodal forms of experiencing and designing space. 
The integration of extra-dimensional traits aims to acknowledge the multiple 
modalities of space one presently experiences. These forms of experiencing or 
expressing something contemplate and potentially resonate into other modes of 
perceiving and subsequently designing space as a set of spatial elements working 
together. Hence the extra-dimensional characteristic is intrinsic to a system of space 
that runs into a virtual space.  The potential non-linearity characteristic of space goes 
beyond the classic design methods and tools, as it potentiates a sort of 
simultaneously virtual and real contestation of space that one presently experiences.  
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4.  EXPERIMENTATION 
This section follows the notion of the Techné as a relevant mode of experimentation 
in this dissertation, as it seeks to explore the current appropriation of the digital and 
biological cultures and its impacts on architectural thinking and design. Today’s 
architectural paradigms are confronted by the need to address a collection of 
contemporary information-based conditions - namely environment, science, 
technology, urbanization and globalization. The focus in using applied knowledge 
with the intent of computational creation induces a decomposition and understanding 
of existing spatial structures. The works in this chapter investigate both simulated 
and generated spatial structures featuring biological phenomena and its relations 
either by analyzing existing spaces and/or simulating new ones through real time 
cognitive processes. The main objective of this chapter is to investigate the logic 
behind spaces through their tectonic and phenomenological qualities and their spatial 
structure in order to understand and expose potential relations beyond form finding 
techniques 
At the end of the 20th century the continuous overwhelming technical research on the 
potential of the computer, and transfer of high-density information within digital 
networks, commonly subjugated novel thoughts and paradigms within the fields of 
art and spatial arts. Recently a new understanding emerged, one that focuses on and 
instantiates in dynamic factors such as responsive architecture, interactive art and 
transvergent environments37. Parallel to their intrinsic digital structure, these systems 
are characterized by constant change and are currently extrapolating towards tectonic 
media of mobile and ephemeral assemblages, in search of a more organic existence. 
This current reality also conveys its distinctive underlying theory as, nature is what 
                                                
 
37 An understanding the paradigmatic relation between previously independent and unrelated 
disciplines to architectural design (Belek Fialho Teixeira, Aydınlı, 2013) potentiates a dynamic 
twofold relation in design methodologies. 
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is rigorously normal in being38 and furthermore, it propels a biological Techné and 
reiterates the idiosyncratic logic of evolution. 
4.1 Techné in Biological Multimedia Spatial Systems 
The aim of the Function of the Bio is to provide and produce a design methodology 
to generate a multidimensional morphogenetic space, based on biological 
evolutionary techniques by using biophysical kinetics of interaction. The construct 
follows a crucial phase in the aesthetics of digital architecture, in which the focal 
point is the development of algorithmic systems with a sole focus in geometric 
outputs. Thus the dissertation also pursues the conceptualization of media art using 
dynamic networks and multiple media of representation. This merger of disciplines 
and techniques asserts the understanding of space as a holistic system where 
biological strategies generate and systematize its composition. If notions of crucial 
experiment have particular plausibility with regard to biology, they have acquired 
their importance when applied to the history of computational biology. In the past 
decades the role of narrative in Darwin’s thinking has been an increasing focus of 
literary study a role that is also being extended through biological expressions art and 
architecture. 
The experimentation of Evolutionary Spatial Systems relates a particular outline of 
the qualities between Biology and Art, and how the qualities of multiple forms of 
artworks can be understood according to their background, methods, structures, or 
properties. These qualities are approached from the perspective of art, media art, and 
architecture under the influence of science and technology. This description proposes 
a starting point from which the definition of Evolutionary Spatial Systems can be 
assessed and understood. Which consequently asserts the use of biology-derived 
strategies in combination with multiple media and spatial art forms is more than an 
automated structure of design solutions, which embraces a meaningful dynamic 
relationship between person, media and space. Being the formal intent the relation of 
generative systems that employ a biologically based network of dynamic traits, with 
multiple art forms and their respective spatial dimensions to each other.  
                                                
 
38 A .Badiou’s construct in Nature: Poem or Matheme? (Badiou, 2007) is an ontological schema 
between nature as symbolic representations.  
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The path described traverses the taxonomical boundaries of organic architecture, 
media art, and immersive environments. These predicaments are merged with 
science and technology and evolved into art forms, which became the foundations of 
an evolutionary form of the Total Work of Art. From the original firm definition of 
the Total Work of Art, the avant-garde movement as it pertains to visual art, 
evolutionary art, and beyond, forms the notion of an artwork containing several 
interconnected art forms. Presently this construct has evolved and emerged from its 
subculture to take its place in the mainstream of media art. Independent of an art 
form, technology, or method, both the difficulty and the opportunity is set. The strive 
was the introduction of the field of media art into the current taxonomy, as the 
opportunity, is the introduction of this field as a way to evolve science, media and 
space through an independent form of open-end communication.  
4.1.1 57 Morphogenesis: Morphogenic systems in granular synthesis  
The 57 Morphogenesis project was presented in 2007 at the Xenakis studio 
University of California, Santa Barbara as a soundscape and it translates the 
sonification of scientific data, to achieve a morphogenetic composition into a four-
channel spatialization. This evolutionary sonic structure is expressed by Granular 
Sound Synthesis, which operates in the microsound time scale. The structure 
emerges from the synthesis process during multiple dynamic progressions, where the 
generative methods are initiated by composing the computational factors and 
integrated behaviors between sonic voids bounded within existing or given 
conditions. Tracing the evolutionary granular element through additive synthesis 
requires a construct that operates into early morphological developments, resulting in 
its total extent an atonal open work. This composition methodology potentiates a 
piece that cannot be exactly sonically defined, and like its delimiting sounds, it 
manifests increased continuity despite its fragmented formation. 
The generative methods of 57 Morphogenesis are initiated by composing 
mathematical factors and biological behaviors between particles, which are bounded 
within implanted conditions. This rhizomatic structure is manifested by a soundscape 
that cannot be exactly defined nor constrained. Its granular assembly manifests an 
improved permanence, despite of its elemental structure. Tracing the granular 
element through a process of additive synthesis, the granular element requires an 
118 
abstraction through evolutionary sonic relations, ensuing into an atonal evolutionary 
open work. 
4.1.1.1 Context of morphogenic systems in granular synthesis 
Based on a morphogenetic composition, the piece uses a sequence of evolutionary 
mechanisms and processes. These mechanism incorporate cellular growth and 
differentiation through multiple processes of cellular propagation. The include the 
share, transit and evolution of cellular information through the processes of Genetic 
Drift, Gene Flow, Mutation, Natural Selection and Speciation, central to any process 
of morphogenesis. These represent key structures in this algorithmic composition, 
where a system is assembled through a GA that integrates in its code additional 
mathematical equations, in order to achieve derivatives of various orders. The project 
is formed by synthesized granular sounds originated from sine waves. Subsequently 
these waves are translated into particles and composed into sound clusters. 
Simultaneously, and within these clouds, behaviours emerge from the synthesis 
process that occurs embedded in the evolution of all dynamic progressions.  
These are the main constructs, which translate a continuous line of thought into a 
methodical, empirical and formal output. Therefore, this methodological and 
philosophical assemblage focuses on current evolutionary design processes with the 
purpose of outlining its repercussions into multiple scales. These new structures39 do 
not derive from “attached concepts”, but instead from “integrated structures” of a 
compositional sound. Certainly, these strategies do include time and frequency 
within evolutionary organizational domains along with their philosophical and 
biological components. Concurrently, the increased awareness in many artistic 
disciplines about the power of biological based strategies - such as genetic 
algorithms - instigates the assemblage of innovative sonic structures in a rather 
ubiquitous manner. 
 
 
 
                                                
 
39 Quoting Jacques Attali “…not a new music, but a new way of making music?“ (Attali,  1985). 
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4.1.1.2 Granular synthesis and generative soundscapes 
Beneath the realm of notes it lays the realm of Microsounds40, of sound particles. 
Like atomic particles, microsonic particles remained invisible for centuries. Recent 
technological advances let us probe and explore the intricacies of this world. 
Microsounds are physical at micro scale and consequently embody behaviors and 
techniques from physics as sounds can evaporate, fuse or mutate into other sounds. 
Microsonic modular elements allow the creation of more dynamic and fluid 
compositions also known as clouds or soundscapes. 
As such design methods and concepts are experiencing a mutation, resulting in new 
spatial formations, parallel to new materials and fabrication processes, introduce an 
emergent level of differentiation between industrial and information societies, 
therefore a reciprocal demarcation in the contemporary philosophy and its 
methodologies. This differentiation41 carries within itself a clear opportunity of a 
dialogue which intends to restructure sonic compositions. 
Microsounds permit consistent compositions and bottom-up structures evolved to 
soundscapes, which spread through space in an elemental manner. These techniques 
allow to experience sound and space in a mode of density, constituted by points, 
pulses - regular series of points -, lines - or tone -, and surfaces42 or textures43. These 
elements are expressed in grains that evolve over time into rhythmic constructions of 
spatial sounds. Therefore, Granular Synthesis naturally allows the formation of sonic 
compositions into bottom-up organizations by piecing together systems to give rise 
to grander systems. 
In the 1940’s Dennis Gabor proposition stated that any sound could be decomposed 
into acoustical quanta, assembled by discrete elements of time and frequency, 
forming the Gabor Matrix. This constituted the first step to build a machine, which 
could granulate sound into particles, allowing sound to be modified in duration 
without affecting its pitch. In Microsounds the design of particles is made within a 
                                                
 
40 Microsound consist of all sounds on the time scale shorter than musical notes, the sound object time 
scale, and longer than the sample time scale. Specifically this is shorter than one tenth of a second and 
longer than 10 milliseconds. 
41 Deleuze and Guattari define as a “form of revolutionary struggle and organisation” 
42 Iannis Xenakis He pioneered the use of mathematical models such as applications of set theory, 
varied use of stochastic processes in music. He also claimed that was the first inventor of this 
synthesis technique. 
  43 Curtis Roads is often credited as the first person to implement a digital granular synthesis engine. 
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perspective of time and frequency, however there is also the task of composing them. 
The soundscape or composition is made of materials – particles – that are now 
situated at another level of techniques, aesthetics and time. 
In Microsounds and consequently Granular Synthesis, time has particular aspects that 
directly intervene in the organization of the composition. The nine scales of music 
describe a temporal classification. These go from the infinite, supra, macro, meso, 
sound object, micro, sample and subsample until the infinitesimal. These scales came 
out from the necessity to interact between different time scales in a composition. 
This opportunity was presented after the introduction of computers, as they allowed 
an accurate manipulation of these time scales. 
In music scales the infinite time scale is seen in the theory of Fourier Analysis44, 
which links frequency to sine waves of infinite duration. The Supra timescale is seen 
from a single composition, to compositional arrangements that go through out time 
and can be understood at certain moments in time – from a concert to a specific 
period in music. The traditional compositions lay their structure in a Macro 
timescale, which is determined in periods, which range from of 16min 40sec to 1h 
40min. In this time scale, the composition can have a top-down classical structure – 
guided by higher rules – or a bottom-up, – low level rule-based behaviors – which 
lead to meso-structures which contain detailed sets and avoid repetitions. The 
relation between timescales is not always linear, since sound is a one-dimension 
element. By allowing the sound to pass from one scale to another, it becomes a 
suitable element for generative structures. 
Bottom-up structures were initiated by conceptual and chance composers in which 
John Cage playing a crucial role in producing compositions from a predefined time-
based strategy. For conceptual therefore sound was just a secondary outcome, made 
of interruptions and overlaps. However the bottom-up strategy also involves kinds of 
cell propagation, where low-level elements interact with each other and evolve 
towards a mass of sound, which corresponds to a level that starts at the scale of the 
microstructure and evolves to the level of macro structure. Within the evolution, the 
microelements go through a transformation, which compose the sound object scale 
                                                
 
44 Fourier Analysis is the analysis of a complex waveform expressed as a series of sinusoidal 
functions, the frequencies of which form harmonic series. 
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depending on their spectrum, amplitude and pitch. The composition of these sound 
objects is also linked to the micro time scale, which stay in the range of 100ms 
elements, and can also go beyond the infrasonic range, leading to sample and sub-
sample structures. 
4.1.1.3 Morphogenetic and dynamic systems of control in soundscapes 
The generative methods of 57 Morphogenesis are initiated by composing biological 
behaviors between particles, which are bounded within implanted conditions. These 
will evolve over time polynomial and differential equations achieve sonic 
transpositions of various orders. This rhizomatic structure is manifested by a 
soundscape that cannot be exactly definite. Its granular assembly manifests an 
improved permanence despite of its elemental structure. Tracing the granular element 
through a process of additive synthesis the granular element requires an abstraction 
through evolutionary sonic relations, ensuing into an atonal evolutionary open work. 
The initial data will adjust to describe the emerging sound clusters in the piece, such 
as proximity, separation, spatial succession, area and continuity. The algorithm will 
be a dynamic patch developed in MaxMSP45 software. At every level the structure of 
this script is based on dynamic systems46, which are continuously evolving. 
Simultaneously, it bares the traces of its activity and extracts its on ruled-based 
strategy. The decomposition of the piece becomes a map of its original process, 
synthesized scripting performances that evolve initial intuitive responses into 
primary techniques as triangulations, stratifications, repetitions or formal geometries 
such as strips, sine waves or spirals (Figure 4.1). The figure shows multiple granular 
synthesis systems (bottom), operating under a genetic algorithm (middle). The 
evolutionary system is linked by non-linear equations (top). These correspond to a 
problem solving strategies that also transpose into music composition.  
                                                
 
45 MaxMSP is a visual programming language for music and multimedia for the manipulation of 
digital audio signals in real-time. 
46 Dynamical Systems theory is an area of applied mathematics used to describe the behavior of 
complex dynamical systems, usually by employing differential equations. 
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Figure 4.1 : MaxMSP interface connecting non-linear equations and genetic (top) 
algorithms to granular systems (bottom).  
The use of stochastic processes is part of the initial structure of Granular Synthesis. 
Therefore it is quite direct the transition between mathematical and biological 
oriented stochastic techniques. The connections in the stochastic methodology of 
search used by evolutionary algorithms, which can be decomposed into four main 
disciplines within the subject; the genetic algorithm, genetic programming and 
evolutionary strategies.  
This system47 describes how the concentration of one or more substances distributed 
in space changes under the influence of two processes: local chemical reactions in 
which the substances are converted into other, and diffusion, which causes the 
substances to spread out in space. It has also been argued that reaction-diffusion 
processes are an essential basis for processes connected to morphogenesis.  
Initially genetic algorithms, was the only known evolutionary algorithms to have a 
clear separation between the genotype and the phenotype. The second step was the 
introduction of an inner factor that would react with the initial structure and produce 
                                                
 
47 Alan Turing build up the concept of the algorithm and computation while developing the Reaction–
diffusion systems mathematical models. 
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different outcomes. However, in this phase, one would have to introduce the inner 
factor each time in order to obtain a new result. Currently the factors within the 
modules evolve according to other factors, modules and/or environment. Only 
currently and with all these techniques incorporated can the genetic algorithms 
evolve and develop as a biological organism does in a natural environment. 
Morphogenetic Soundscapes are extracted from the manipulation of these genetic 
algorithms in order to produce a volume that will constitute a curriculum of sounds, 
therefore the generative transformations are structured in sequences.  
Analogous to a GA, the series of alterations result from the validation of the genetic 
algorithm itself. Where consequently the task in this stage is to decode the algorithm 
as a morphogenetic structure. Generative sequences, augmented techniques, time, 
frequency and inventories of transformation are submitted as formal expressions of 
the algorithm. Where the morphogenetic processes of genetic drift, gene flow, 
mutation, fitness and speciation are transposed to points, pulses, tones, and textures. 
Understanding and developing the algorithm transgresses the singularity of the 
formal object, spawning into a series of similar but varying sounds. Consequently, 
this propagation introduces the problem of tracing similar dynamic systems, 
requiring synthesis as a set of instructions, which include time and frequency as 
variables. 
4.1.1.4 Dynamic systems of control in self-organized soundscapes 
Within a dynamic systems standpoint, the evolutionary systems are a highly intricate 
network of co-dependent sub-systems such as; Drift, Gene Flow, Mutation, Natural 
Selection and Speciation. Respectively these are composed of a large number of 
interacting components – such as; proteins, oxygen molecules and enzymes - while 
the cell signaling process occurs. 
The correspondence of such elemental components into the soundscape is established 
by the characteristics of the grains - the elemental structure of Granular Synthesis. 
These properties include; grain size, grain separation, grain pitch, grain rate 
variation, grain size variation and grain pitch variation. This equivalence is then after 
filtered through communication and fitness values generated and extracted from the 
code. 
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The translation of self-organization into genetic algorithms searches for a state of 
optimal fitness, which is ultimately reached, in the absence of an exterior factor - an 
evolutionary strategy. In case of reaching an optimal state this would be expressed by 
the sonic uniformity in the points, pulses, lines, and surfaces or textures of the 
composition. This sonic homogeny would be expressed in any time scale, making the 
soundscape a repetitive and dull monotone. Therefore, instead calling upon the use of 
an evolutionary strategy, an alternative was the use of one of the principles in System 
Theory48, known as the Complex Adaptive Systems49 process.  
 
Figure 4.2 : Mapping the normalization sequence of the genetic algorithm. 
System Theory recognizes that movement patterns appear through generic processes 
of emergence, which can be found in biological systems, also known as Complex 
Adaptive Systems. The validation of the use of differential equations is attained by 
the translation of feedback loops and flows of the self-organized soundscape. 
Consequently, these values continuously iterate through the genetic procedures after 
self-organization achieves a state of normalization (Figure 4.2). 
This recursive process allows the allocation of non-linear cyclic relations between 
any compositional technique and time structure. Producing a constant evolutionary 
output of similar sounds prevents these to fall into an optimal state of repetition. In 
                                                
 
48 Systems Theory is an interdisciplinary construct that scientifically investigates any group of objects 
that work together to produce some result 
49 Complex Adaptive Systems are defined by numerous interconnected elements, which have the 
capacity to adapt - change and learn - from experience 
125 
this particular soundscape, this technique goes through seven morphogenetic 
granular generators, which include a non-linear structure due to their five differential 
equations linkage. 
4.1.1.5 Outcome of 57 Morphogenesis 
The usage of Morphogenetic Generative Process in Granular Synthesis Soundscapes 
is not a novel approach. Nevertheless, establishing a relation between morphogenesis 
and granular synthesis through the method of Dynamic Systems allows the 
composition to evolve dynamically according to its nonlinear structure. 
Parallel to establishing connection to a more mathematical approach, this method 
also allows alternate modes of internal structures according to the existing array of 
dynamical systems. Therefore, it permits alternate modes of rhizomatic structures 
along morphogenetic soundscapes, such as time structure and spatialisation 
techniques. 
4.1.2 Bio-Photonic Avatar 
The Bio-Photonic Avatar project was submitted for the FEIDAD Award in 2006 and 
subsequently further developed in the TransLab at the University of California, Santa 
Barbara and it was presented at the UCDARnet50 as a visual artwork. The focus of 
the work is to create an architectural space that allows interaction between the 
transformation and the stimulation of artifacts with sound. Such architecture can be 
defined as the incorporation of active, reactive, interactive and transactional 
properties of the space, responsive to sound according to algorithmic parameters.  
Similar assemblages can be seen in the field of biophysics with their clear 
development process of emergence and self-organization capabilities. The sound 
factor, which is generally obliterated or post-processed, is in this case the creator and 
stimulator of different behaviors and dynamic choreographies (Figure 4.3). In the 
present modal, the relation to exteriority is based on the usage of biological behavior, 
which allows changes in shape, in response to transient changes in environmental 
conditions. While the relation to interiority is derived by effects which provide 
                                                
 
50 The University of California Digital Arts Research Network (UC DARNet) is an interdisciplinary 
Multicampus Research Group of University of California faculty who utilize digital media for cultural 
and theoretical research in their creative production. 
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growth movements, as well as slow adaptations to changes in self specific 
conditions. 
 
Figure 4.3 : Instance of the The BioPhotonic Avatar. 
Consequently, through systematic behaviour, a structure with or without external 
control is achieved, thus allowing the initiation of what can be denominated as a state 
of emergence. The developed model aims to design acoustical spaces that respond to 
sound and reshape themselves in order to optimize and to self-regulate the acoustical 
properties of multipurpose spaces. 
4.1.2.1 Introduction of bio-photonic properties 
The unprecedented increase of knowledge in the 20th century raised the challenging 
question of how to adapt our mentality to being, as our understanding of the world 
has a huge impact on our being on the world. The deep specializations of disciplines 
lead to a world of complexities and confusions, eliminating the possibility of a 
coherent dialogue even within the disciplines. Towards the end of the last century 
transdisciplinarity came as a new way of approach to deal with the information 
bombardment of the past and upcoming era.  
Architects, being the creators of our living environments, have always had an 
interdisciplinary structure that dealt with various disciplines. However, today, in 
order to be innovative and cope with the complexities of the world, there is a need 
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for an approach beyond interdisciplinarity. In this project, transdisciplinarity is used 
as an approach for the design process with the intention of creating augmented and 
unpredicted designs that would embed acoustics in architecture.  
The Biophotonic Avatar represents a transactive architectural acoustic space that is 
designed through a transdisciplinary approach. It is named after a concept in 
Biophysics, in which a plant communicates with the environment through the 
emission and reception of photons. In a similar mode, the avatar communicates to its 
environment through scripted behaviors transacting with sound. The transactive 
behavior is different than interaction, as the avatar not only interacts but also learns 
from its experience and reorganizes itself accordingly. At this stage, the project only 
operates in the virtual; therefore it takes the name of an avatar, as it is an extension of 
an actual being in the virtual world. 
As a multimodal research path, the aim is to transverge acoustics into architecture, 
and vice versa. Architectural Acoustics has always been seen neither architecture nor 
acoustics. Engineers would look down on architectural acoustics as not engineered 
enough, whereas designers would find Architectural Acoustics as not designed 
enough and the Architectural Acoustician would not identify himself with the both 
disciplines. This project demonstrates the multimodal design approach for 
architectural acoustics that allows the full embodiment of acoustics within the 
architectural design of the Biophotonic Avatar. 
4.1.2.2 Behavior and relation to biophysics 
The Biophotonic Avatar is created, modified, visualized and manipulated, not only 
by drawings and volumes, but mainly with programmatic rules, memory modes or 
future states, ruled by features of information and maps of influence. The assemblage 
of the modular strata as the 5th iteration of a Calabi-Yau Manifold, create a 
topological self informed architecture which overlap the geometry and time through 
non-linear rhizomatic formations. Rhizomatic formations are structures that have the 
capacity to simultaneously contain multiple connections. Therefore the behavioral 
construct and the structure of the avatar has the crucial purpose of fusing all spatial 
dimensions. 
Since the field of Biophysics is in a clear development process in which emergence 
and self-organization are the structural concepts, it is chosen as a modality for 
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transdisciplinary approach, in order to materialize the artifact’s form, from its 
discreet elements. In this stage of the design, the avatar is in a state of emergence. 
The sound factor, which is generally either obliterated or post-processed, is the 
creator and stimulator of the quasi object according to different behaviors and 
dynamic choreographies. The introduction of the sound stratum instigates multiple 
behaviors in one module while simultaneously connects multiple modules in one 
stratum, and ideally develop multi-performativity, according to the algorithmic 
parameters. 
 
Figure 4.4 : The Dielectric spectroscopy of a leaf (Musa, 2001). 
The element of movement or morphing is based on the Darwin’s last work “The 
Power of Movement in Plants” in which movement without muscles is the relevant 
aspect for this study. Movement without muscles can incorporate behaviors such as 
thigmomorphogenesis, osmosis or tropisms; each of which helps the organism to 
behave in a multi-performative condition allowing variant modes of behaviors and 
self-organization (Figure 4.4).  
In the relation to exteriority, the usage of thigmomorphogenesis allows changes in 
shape, structure and material properties that are produced in response to transient 
changes in environmental conditions. Thigmomorphogenesis is the response by 
plants to mechanical sensation (touch) by altering their growth patterns. In the wild, 
these patterns can be evinced by wind, raindrops, and rubbing by passing animals. 
While for interiority the usage of tropisms provide growth movements, as well as 
slow adaptations to changes in self-specific conditions, for instance fibre 
orientations. A tropism is a biological phenomenon, indicating growth or turning 
movement of a biological organism, usually a plant, in response to an environmental 
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stimulus. The illustration of the dynamic energy flow within a leaf shows the 
communication of a plant with the environment and the subsequent representation of 
the simulation from a energy between molecules in detail (Figure 4.5). 
 
Figure 4.5 : The molecular composition of a leaf (Pymol, 2003). 
Due to the absence of scientific proof that development or movement of plants is 
directly linked to sound, in this case the Biophotonic avatar is linked to the amplitude 
and frequency factors, as the fundamental characteristics of sound. This transposition 
in methodology corresponds to a transdisciplinary correlation of Physics to Biology, 
in other words from Phase Spaces to Bio Spaces. Therefore the transmission and 
capture of these electromagnetic waves pass to the realm of Biophotonics which is 
the established general term for all techniques that deal with the relation of biological 
material and photons. This refers to emission, detection, absorption, reflection, 
modification, and creation of radiation from living organisms and organic material or 
in this case an avatar. 
4.1.2.3 Geometry  
In order to achieve a multidimensional interaction in the avatar, the incorporation of 
geometrical elements capable of performing multi-performative and multi-sensorial 
levels are required. These milieus bring in the discussions of the realm of nonlinear 
geometries frequently used in the field of physics.  
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Figure 4.6 : Evolution and several iterations of a Calibi-Yau manifold (Greene, 
2011). 
One of the most important examples of modern physics suggests mankind to revise 
their assumptions on the way universe works. Einstein’s STR (Special Theory of 
Relativity) declares that the speed of light as the constant and therefore puts forward 
the fact that length and time may vary. The theory describes the universe as 4 
dimensional, putting forward the concept of space-time. This makes sense if one 
interprets an event taking place not only at a certain spatial location in the universe 
but also at a specific time in history. Therefore, the common notion of the 
simultaneity of two events; is incorrect. Another example is stated in quantum 
mechanics that declares that the parameters of a body such as movement and position 
can only be obtained probabilistically. Thus, the concept of extra-dimensions related 
to the structure of the universe oppose in absolute to our instincts.  
As proven with the statements above, general relativity and quantum mechanics are 
incompatible with each other, requiring further knowledge and explorations. 
Therefore, since last century, the idea of having one single theory to unify these two 
contradicting poles of facts is becoming more dominant in the field of physics. In 
mathematics, the ideas of Theodor Kaluza where fundamental forces can be unified 
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by introducing additional dimensions, later refined by another mathematician named 
Oskar Klein, which hypothesized the existence of such curled-up dimensions at all 
points in space, however just at a very small scale. Therefore, distinctions between 
dimensions that are very large and expansive, such as those we experience in 
everyday life, and those that are very small and curled up are obtained. Thus the 
importance of the Calibi-Yau space as a six-dimensional form that string theory 
incorporates as the extra, curled up dimensions (Figure 4.6). The spatial experience 
on everyday life plane can be replaced with the Calibi-Yau space to visualize what 
these curled up dimensions may look like. In reality, the universe would consist of 
one temporal dimension, three normal spatial dimensions, and six (or more) extra 
dimensions in the form of Calibi-Yau spaces, at each point in the normal three spatial 
dimensions. For that matter, the transposition of these concepts into the design of the 
avatar is made through the usage of multidimensional geometries.   
The geometry of the Bio-photonic Avatar is extracted from the 5th iteration of a 
Calabi-Yau Manifold due to its emergent/evergent multidimensional capabilities. 
The usage of such multi-performative element is in order to constitute a linkage, 
which would allow space to evolve towards a unified identity. In this manner, 
architecture could perform simultaneously, towards an inner system and the 
environment without affecting its spatial characteristics and significance. 
Also, the incorporation of both concepts expresses very different characteristics of 
the system's structure. Self-organization can be described as a dynamic and adaptive 
process to sound. Which subsequently, through systematic behavior a structure 
without an external control can be achieved and maintained, allowing the initiation of 
what can be denominated as a state of emergence. In this particular case emersion is 
a concept of propelling of virtuality, so that it is no longer contained in the 
technologies that support it but is cast into the avatar itself as a full embodiment. 
This process allows the rendering of a stimulated avatar by a multi-stratified sound 
element as the core aspect of this project. 
4.1.2.4 Algorithmic structure 
Through a scripted procedure the avatar is created to interact through form and sound 
in order to directly articulate behaviors of self-organization and emergence within the 
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form of the avatar. The script is initiated by creating a noise deformer that interacts 
with the formal nodes of the Biophotonic Avatar.  
 
Figure 4.7 : The graph of a simple ADSR amplitude envelope, showing the way the 
amplitude of a note changes over its duration (Roads, 2001). 
Subsequently, the sound is imported along with its amplitude, in which the frequency 
is extracted and consequently parameterizes its relation to the form. The sound 
deformer is organized in one factor, which includes four dynamic acoustical states. 
These states are denominated in electronic music as the ADSR, (Attack, Decay, 
Sustain and Release) and characterize the dynamic stages of one sound, 
independently of its acoustical properties (Figure 4.7).  
 
Figure 4.8 : Detail component performance of the algorithmic behavioural 
implementation. 
Most interesting sounds have an amplitude envelope that varies as a function of time. 
The beginning part of the envelope is called the attack, while the end of the envelope 
is called the release or final decay. These parameters transform the avatar through its 
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various stages, resulting in a fluid and dynamic architecture. The various formal 
behaviors can be described as stretching, shrinking and rotating as ways to adapt to 
its environment (Figure 4.8). As such, the distance of interaction is set in order to 
have a progressive deformation according to the propagation of the sound in the 
model (Appendix A). 
4.1.2.5 Conclusion of Biophotonic Avatar 
The design of the Biophotonic Avatar requires a transmodal design approach, 
because of the number of various disciplinary and beyond disciplinary knowledge 
that it embodies throughout its design process. It is assembled of many different 
elements, forms, kinds or individuals, such as microphones, acoustical sensors, 
probes, in order to allow a process of self-organization and evergence. The use of 
these different elements is directly linked to the behavior and the performance of the 
avatar. The actual being would be a transactive architectural acoustic space that 
embodies in its structure the behavioral capabilities, through the use of smart 
materials. Through the use of these materials, the Biophotonic Avatar can be applied 
in a similar mode in multipurpose spaces in order to optimize and to self-regulate the 
acoustical properties, creating augmented and unpredicted designs. 
4.1.3 Nurbulations 
The Nurbulations project was developed and presented in the TransLab51 at the 
University of California, Santa Barbara in 2007 as visual artwork and subsequently 
presented in the Algode 2011 international conference. The Nurbulations project is 
based on the morphogenetic process of Gastrulation. This process occurs in an early 
cell-embryo, in which the cell structure is established. Nurbulations project is a 
technical re-contextualization of biological elements and processes. These denote 
that the genetic code of the object can be scripted and reproduced by means of 
communication. This departs from the premise that the code of the space is, to a 
certain extent, related to the artifact’s environmental experience. This construct 
includes a system of communication. The modeling system used exposes the need of 
a mathematically precise representation and communication between freeform 
                                                
 
51 The TransLab, consists of a growing community of researchers focused on exploring the concept of 
Transvergence. 
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surfaces. This technique differs from generative design techniques by means of cell-
signaling, modularity and recoding, thus limiting aggregation techniques. Thus 
Nurbulations evolve in a continuous reconfiguration of its elements, with a final 
objective of having an adaptive correspondence in an actual space. 
4.1.3.1 Introduction to limited aggregation processes in morphogenesis 
The computational procedures in biological research can be drawn from the 
development of statistics, demographic and medicine during the eighteenth century. 
Independently that a majority of artistic approaches tend to adopt a morphogenic 
structure into their composition, these generally have a sequence of evolutionary 
mechanisms and processes, which incorporate Genetic Drift, Gene Flow, Mutation, 
as fundamental mechanisms of natural selection and speciation. Nevertheless, these 
systems, which are assembled into a genetic algorithm, never specify a process of 
morphogenesis. This is the point in which the Nurbulations project differs.  
The project is developed in a code specific mode in order to represent the early phase 
of embryology known as Gastrulation. A specific technical construct is employed in 
order to achieve derivatives of various orders. Within this construct, spatial behaviors 
emerge from this embryological process that is expressed in continuous emergent 
forms extracted from this evolutionary strategy. 
 
Figure 4.9 : Nurbulations is based on the embryogenic process of Gastrulation. 
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The fundamental form-generating processes in generative art and architecture, 
considers architecture as a form of artificial life. Consequently, proposing a genetic 
representation in a form of Gastrulation code will further allow developmental and 
evolutionary processes in response to the user and the environment. The aim is to 
achieve an artifact which is generated from a symbiotic strategy and metabolic 
balance found in the natural environment. In order to attain this equilibrium, the 
artifact needs to develop like an embryogenic organism, in a direct equivalence with 
the underlying design process of nature, a self-organized space (Figure 4.9). 
4.1.3.2 Representation structures in generative art 
Modes of narrative in Digital Art and Computational Architecture have their initial 
stage in the deconstruction of words and language. This provided a significant 
contribution to the nonlinear and fragmented approach of contemporary narrative. 
From cyberpunk novels to the electronic hypertext, the cut-up technique is an 
effective means of exploring nonlinear narratives. In the 1950’s, conceptual artists 
such as Burroughs, Cage, and others, successfully implemented this technique in 
their works. The intention was to find a way in writing or music that would explore 
nonlinear perceptions of space and time. By cutting-up words from sentences or 
producing sounds from accidental choreographies, these artists found new 
connections that broadened the rational connections of a more conventional 
narrative. 
This analogy is easily understood since there are many areas of science and 
engineering where nonlinear discrete data is collected and analyzed.52 In attempting 
to represent a narrative and to prove its validity by computational procedures, the 
method is translated through the visualization and analysis of the information for a 
specific and required data. Therefore, the need for algorithms, procedures, and their 
relations in discrete elements is essential. The approach used in Media Arts is 
application oriented, as it presents problems of visualization and analysis of multi-
dimensional data sets.  
                                                
 
52 The fields of neuroscience, molecular biology or computational biology, use structures directed by 
data from multiple sources simultaneously. 
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Along with generative design methods, modeling techniques are experiencing a 
transformation, which result in new spatial formations. In addition, this liquid53 art 
and its generative processes encompass the current era of information society. This 
differentiation carries within itself a clear opportunity of dialogue which intends to 
redesign the world. 
In Generative Arts, to achieve a level of consistency between mediums encoding 
allows a crossing process. Encoding a model allows a progressive transition from one 
medium to another, a change in information substrates that will be crucial for the 
final representation. Data exists in any organization of matter, and the process of 
encoding adds to the transmitting aspect. As cybernetics and information theory 
imply, data may also be transported across different media. In language and 
mathematics, the data is transmitted from A to B irrespective of its content. 
However, in Evolutionary and Developmental Biology, data is transported from the 
Wet Lab (In Vitro) to the Dry Lab (Computational Biology), allowing a deeper 
understanding and comparison of the processes of development.   
The study of Embryology is progressively becoming more complex, as it requires 
more specific fields, which created an increasing number of disciplines – cellular 
biology, molecular biology and genetics. This also generated the intent of 
establishing a whole understanding of what we now know as Developmental 
Biology. In this field, there is a need to understand and to calculate the impact of 
each element in this evolutionary, interactive, and multi-performative environment. 
The requirements for more effective computer models asked for new media and new 
tools. The result is a new discipline, Computational Development, which is as 
determined by Evo-Devo as it is by Computational Biology. 
Computational Development is structured to build models within the realms of Evo-
Devo, offering the potentiality of the virtual by using accurate techniques. These 
methods include self-designing, self-repairing, adapting and developing evolutionary 
solutions for problems. The effort has collateral advantages to enhance the other 
computational-based fields, such as evolutionary computation, which has also 
transposed into art.  
                                                
 
53 The term “Liquid” is linked to generative arts through the article “Liquid Architectures” by Marcos 
Novak, where it is defined as an evolutionary mode of artistic representation. 
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Thus, Generative Arts are intrinsically attached to the biological domain, not to be 
dynamic, but in order to enhance the bio, to materialize biology beyond itself. This is 
made through passages across platforms, which by itself is a form of dynamism from 
the genetic to computer codes, into what might be more than biologically-based 
structures. These artifacts become rare and unique in having the virtual 
representation, but also in achieving the interaction with the development of an 
evolving form. Along with biological principles, the representational methods, and in 
this case, the modeling technique of the structural elements also influences the 
development of specific instances of the artifact. 
4.1.3.3 Emergent Systems, algorithms and NURBS 
Within this construct, Generative Art is extracted from the manipulation of genetic 
algorithms in order to produce an organism-like artifact. This will constitute a 
curriculum of forms. Also, a succession of transformations resulted from the 
formalization of the genetic algorithm. Generative sequences, modeling techniques, 
time and inventories of transformation are extracted as formal expressions of the 
artifact. The morphogenetic processes of genetic drift, gene flow, mutation, fitness 
and speciation are transposed to points, lines, surfaces and textures.  
These emergent systems54 describe how the concentration of one or more substances 
distributed in space changes under the influence of two processes: local chemical 
reactions (in which the substances are converted into others) and diffusion (which 
causes the substances to spread out in space). It has also been argued that reaction-
diffusion processes are an essential basis for processes connected to morphogenesis. 
 Initially, genetic algorithms were the only known evolutionary algorithms to have a 
clear separation between the genotype and the phenotype. Subsequently, there was 
the introduction of an inner factor that would react with the initial structure and 
produce different outcomes. However, in this step, you would have to introduce the 
inner factor each time in order to obtain a new result. Currently, the factors within 
the modules evolve according to other factors, modules and/or the environment. Only 
currently, and with all these techniques incorporated, can the genetic algorithms 
evolve and develop as a biological organism does in nature. 
                                                
 
54 Alan Turing built up the concept of the algorithm and computation while developing the Reaction–
diffusion systems mathematical models. 
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The connections between emergent systems used by evolutionary algorithms can be 
decomposed into three categories: the genetic algorithm, genetic programming and 
evolutionary strategies. These correspond to problem solving strategies that also 
transpose into modeling techniques.  
The usage of NURBS55 is easily adapted to the initial structure of emergent systems 
due to its order, based on a set of weighted control points (CVs), and knot vectors. 
Consequently, these modeling control elements can perform similar to cell signaling, 
producing vector connections between multiple entities. Simultaneously, NURBS 
models also produce a geometric continuity that allocates derivatives of the surface 
in relation to the parameters. As a result, this parametric continuity also allows for 
the controlling of the performance of the entity by inserting specific behavioral 
properties. In this manner, certain cells operate in a certain way, making the 
emergent factor more intrinsic. These NURBS specific properties were critical 
modeling elements, since this type of representation presents great flexibility and 
precision for handling both analytic and freeform shapes. These are critical factors, 
which allow for a smooth transition between Emergent Systems, Algorithms and 
Modeling Techniques. 
At every level, the structure of this script is based on a genetic algorithm, which is 
continuously evolving. Simultaneously, it bears the traces of its activity and extracts 
its own ruled-based strategy. The decomposition of the artifact becomes a map of its 
original process, combining scripting performances that evolve from initial 
biological responses into primary techniques as triangulations, stratifications, 
repetitions and formal geometries (Appendix B).  
4.1.3.4 Gastrulation process and computational appropriation 
From a biological standpoint, evolutionary systems are a highly intricate network of 
co-dependent sub-systems, which Drift, Gene Flow, Mutation, Natural Selection and 
Speciation are a limited part. Correspondingly, these are comprised of a large amount 
of interacting constituents – such as proteins, oxygen molecules and enzymes - whilst 
the intracellular signaling process occurs. 
                                                
 
55 NURBS is an acronym for Non-Uniform Rational Basis Spline, which is a mathematical model for 
generating and representing curves and surfaces. This type of representation presents great flexibility 
and precision for handling both analytic and freeform kespes. 
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The generative methods of this project are based on the morphogenetic process of 
Gastrulation. The process happens in an early cell-embryo, in which the ectoderm, 
mesoderm and endoderm are established. This process forms multilayered unicellular 
elements by means of determination (Fate Maps) differentiation (Blastoderm) 
functionality (Morphogenetic Fields) and cell lineage (Phylogenesis). The 
development occurs when Fate Maps (extra-embryonic signals) inform extra-
embryonic cells of their Morphogenetic Field, a process called Fibroblast Growth 
Factor (FGF). The FGF signals are sent within intracellular pathways via Bio-
Molecular connections in a binary format, allowing the cells to embody emergent 
characteristics and behaviors. 
 
Figure 4.10 : Localized Fate Maps and Phylogenesis Process (Stern, 2004). 
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The Gastrulation procedure allows different types of cells to organize into spatial 
groups that contain different functions. Basically, each cell is free to evolve, as long 
as the connections between their modules remain consistent. This characteristic gives 
complex results that include inner procedures, such as loops, symmetry and sub-
designs within each cell or module,. Similarly, these are the procedures that create 
the framework implemented in computational development, which is consequently 
used in this project (Figure 4.10). 
The initiation starts from the emerging clusters and will adjust itself to proximity, 
separation, propagation and continuity. The artifact was produced with a genetic 
code, developed and run in AutoDesk’s Maya56 script editor, Maya Embedded 
Language57 (MEL). 
In each stratum, the assembly of this script is based on a GA, which is constantly 
evolving. Simultaneously, it holds the traces of its development and obtains its own 
ruled-based scheme. The decoding of the artifact becomes a plan of its singular 
process, merging scripting implementations that evolve from early biological 
responses into primary procedures in form of triangulations, stratifications, 
repetitions and formal geometries.  
The structural base for the Nurbulations script has an emphasis in non-linear 
emergent behavior according to object lineage. The code is developed from a matrix 
of random objects, to which follows an initial selection of potential elements. 
Initially, the code runs from the matrix by determining the evolutionary path for each 
object’s attributes - such as size, form and number of weighted control points - 
equivalent to the Fate Maps in Gastrulation.  
                                                
 
56 AutoDesk Maya is a high-end 3D computer graphics and 3D modeling software package, which 
also redistributes a specific set of commands. 
57  Maya Embedded Language	   is a scripting language used to simplify tasks in Autodesk's 3D 
Graphics Software Maya. MEL is C based language, which allows a method of speeding up 
complicated or repetitive tasks, as well as redistributing a specific set of commands. 
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Figure 4.11 : Types of translation in Fate Maps (Stern, 2004). 
As the initial elements try emerge with the neighboring constituent, the model 
becomes a Morphogenetic Field; the basic requirement that allows an evolutionary 
and developmental growth, equivalent to the FGF. The communication signals are 
sent and received continuously via CVs within the object surface in order to 
transpose the characteristics between elements. Object signaling is also used to know 
their positioning within the morphogenetic field, in order to achieve self-organized 
patterns. In the case cells are unable to communicate, they eventually fall out of the 
field and die, creating a Phylogenic58 structure (Figure 4.11). 
In order to control the procedure’s propagation, one can decide between two main 
strategies of growth according to different assembly structures. For instance, one 
strategy would be to choose a possible high number of cells to evolve and develop 
through a constrained number of iterations. Or another method can be to input a 
small number of cells (even only one) and let it iterate in a longer period.59  
The code run in MEL shows the evolutionary structure that characterizes the 
Nurbulations project. The procedures that define the generative function are as 
follows: Creation of NURBS, Differentiation, Lineage, Fitness, Cell Signaling and 
Mutation. 
                                                
 
58 Phylogenetics is the study of evolutionary relatedness among various groups of organisms. 
59 The wide range of project outputs (e.g. the discrepancy between the animation and the cover 
images) is due to the diverse implementation of parameters. 
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Figure 4.12 : Nurbulations Project animation stills (form top-left to bottom-right). 
This recursive process allows the allocation of non-linear cyclic relations between 
any constituents. This allows the construction of a constant evolutionary output of 
similar elements while preventing them to fall into an optimal state of repetition. In 
this particular project, the evolutionary and development technique goes through the 
process of Gastrulation. This also includes a non-linear recurrent structure due to 
their NURBS-based geometries and modes of linkage. The merger of the biological 
and geometrical constructs also justifies the name of the project as: NURBulationS 
(Figure 4.12). 
4.1.3.5 Outcome on Nurbulations 
The overall goal of the Nurbulations project is to provide a structure that affords 
interoperability among heterogeneous, autonomous events. These events include 
both direct interaction and/or remotely usable information, which assemble a system 
based on extensible metadata that also meets its generative requirements. The 
metadata structure fits into an established modeling infrastructure, promoting 
interoperability among existing computational procedures.  
Parallel to establishing an artistic connection to an evolutionary and developmental 
approach, this method also allows for alternate modes of internal structures 
according to the existing array of embryological division, therefore permitting 
alternate modes of biological structures along modeling systems of control. 
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4.2 Implementation of Biological Processes in Spatial Systems 
The implementation of biological process in spatial systems concentrates in the 
biological construction and manipulation of immersive environments and spaces that 
communicate throughout multiple media, allowing users to interact with the overall 
spatial system. The studies represented here express contemporary preoccupations 
with virtuality provide a new basis to reinvent the actual space milieus. In order to 
compose all elements of the spatial system, a particular emphasis is placed on 
biology and the process of morphogenesis. In its quintessence, the process provides 
communication and behavioral procedures for an organism to develop. Its 
appropriation to the projects presented in this section allows the same procedural 
features to spatial proliferation, and simultaneously enhance the ubiquitous structure 
of multi-mediated factional identities. The transition of this biological process into 
media has its roots in Computational Biology, where the main focus lies in the 
elaboration and development of simulation techniques through algorithmic modeling. 
Subsequently this mode of operating potentiates information exchanges between the 
real and virtual dimensional qualities of the spatial system. Within, the transaction of 
data has the ability to propel evolutionary and developmental procedures in the 
actual or any other dimension. This feature predictably applies developmental 
pressure on any other undeveloped dimensions, and therefore the ability to 
simultaneously extract multiple spatial modalities. 
4.2.1 Solid Music 
The Solid Music project was developed and presented in the TransLab at the 
University of California, Santa Barbara in 2008 within an interactive immersive 
environment capable of directly extruding three-dimensional outcome of a sonic 
interaction. Inherent to the concept of the Solid Music project is the notion of the 
philosophy of atomism that everything can be divided sequentially into the very 
small (Figure 4.13). Behind the apparent triviality of this statement, there is an 
embodied understanding of space and time. In reality what appears to human 
perception as a continuous flow of matter and sound, is actually a very small and fast 
sequence of events. This idea trails back to classical Greece to the Atomists, which 
also includes the ancient concept of time division proposed by Zeno, and matter 
division by Lucretius, Gassendi and Decartes.  
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Figure 4.13 : Solid Music sculpture extracted from the sonic composition. 
If considered as an artwork, Solid Music is played without touching, which is colored 
without painting, composed without sound and that is built without plans. Eventually 
it will evolve within its own sonic outputs. 
4.2.1.1 Sound and matter 
The concept of Atomism was studied through time, but only in the 18th century the 
subject gain momentum with the clash between atom and wave theories. The wave 
versus particle debate was initiated with Newton in 1704 with his publication about 
how light was a stream of particles that travel in a straight line. For a century, 
Newton’s proposal faced the particle theories. The question was resolved when they 
unified the view of matter and electromagnetic energy as manifestations of the same 
phenomena, however with different masses. It was based on the theory of sound that 
Albert Einstein conceptualized in 1907 that ultrasonic vibrations could also happen 
in the quantum level of atomic structure. This discussion continued until it was later 
verified in 1913 by physicists, when it was observed that wave properties of 
interference in light are also exposed at the atomic level of matter. Uniformly, the 
interaction between light and matter hold the same properties as particles. Currently, 
the particle and wave theories stand as two complementary perspectives in science.  
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Through the atomist philosophy was already of great use for physics and acoustics as 
for the perception of sounds, when the field arts appropriated the concept. This 
manner of thinking about sound was used by the composer Edgard Varese, and the 
physicist Dennis Gabor when they individually proposed that all sounds could be 
subdivided into a relation of functions. In the 1940’s, Gabor’s proposition affirmed 
that any sound could be decomposed into acoustical quanta, assembled by discrete 
elements of time and frequency, which became known as the Gabor Matrix. 
Subsequently, electronics and digitalization provided the required precise control, 
leading us to the atomic modern era (Figure 4.14). 
 
 
Figure 4.14 : Example of a Time Frequency window derived from Gabor’s theory 
(Mertins, 1999). 
Consequently, the techniques to manipulate these micro structures embody behaviors 
from physics and biology as forms – sonic or visual - can disperse, fuse or mutate 
into other forms. Micro structures are modular elements which allow the creation of 
more dynamic and fluid assemblies in every matter or form. The once rigid 
assemblies are evolved into fluid structures which spread through space and time in 
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an elemental manner. This technique allows to live space in different modes of 
density, from elemental and disperse, to structured and dense, creating constructions 
of space, which can evolve over time. 
4.2.1.2 Architecture and music 
If one considers Alberti's rules of architectural proportioning in the context of 
Renaissance mathematical practice, one can realize that Alberti makes didactic use of 
the well-developed theories of harmony from music. It is shown that his architectural 
usage is not analogous to musical systems, even though the arithmetical foundations 
are shared. The common base for fifteenth-century musical theory and Alberti's 
architectural recommendations is Pythagorean arithmetic, derived largely from 
Nicomachus. Alberti also develops a geometrical approach involving magnitudes 
derived from the cube. Neither the diagonal of a face, nor the diameter of the sphere 
which circumscribes the cube are commensurable with its side. Alberti makes use of 
rational estimates for the square roots of two and three, and these ratios are evident in 
his work.  
Within the philosophy of atomism the design of particles is accomplished through 
the undertaking of composing them. The structure or composition is made of 
materials as particles, which are now situated at another level of techniques, aesthetic 
and time. Under the realm of matter, lays the realm of particles these atomic 
elements remained invisible for centuries. Current technological advances in 
computation let us probe and explore the details of this world in fields such as music, 
art, acoustics, biology, nanotech and physics.  
Beneath the realm of notes, lays the realm of microsounds60, the sounds of particles. 
Like atomic particles, microsonic particles remained invisible for centuries. Recent 
technological advances let us probe and explore the intricacies of this world. 
Microsounds are physical at micro scale, consequently the techniques embody 
behaviors from physics as sounds can evaporate, fuse or mutate into other sounds. 
Microsonic modular elements allow the creation of more dynamic and fluid 
compositions. The rigid compositions are evolved to liquid architectures, which 
                                                
 
60 Microsounds encompass all sounds on the time scale smaller than musical notes and longer than the 
sample time scale. Specifically the sound is shorter than one tenth of a second and longer than ten 
milliseconds. 
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spread through space in an elemental manner. The techniques allows to live space in 
a mode of density, a point, a pulse (regular series of points), a line (tone), and a 
surface (texture) leaving rhythmic constructions of spatial sounds, which evolve over 
time.  
Gabor’s Matrix based on discreet elements of time and frequency constitutes the first 
step to build a machine, which was able to granulate sound into particles, allowing 
sound to be modified in duration without affecting its pitch. From this moment 
onwards sound representation had two new domains, the windowed frequency 
domain which was subdivided in time domain identified as waveforms in a sound 
editor and frequency domain or also know as spectrum. In microsounds one designs 
particles within a perspective of time and frequency, however there is also the task of 
composing them. The archimusic or composition is made of materials or particles, 
which are now situated at another level of techniques, aesthetic and time. 
4.2.1.3 Formal and sonic structures  
In this section the Solid Music project is presented for the purpose of linking theory 
to practice, yet is not the intention of this chapter the analysis of specific 
compositions in depth. The purpose is to suggest a potent theoretical frame within 
scales of music that depict multiple temporal classifications. Particularly, the project 
represented here belongs within nine scales of music that describe a temporal 
classification. These go from the infinite, supra, macro, meso, sound object, micro, 
sample, and subsample until the infinitesimal. These scales came out from the 
necessity in composition of interacting between different time scales. This 
opportunity was presented after the introduction of computers, as they allowed an 
accurate manipulation of these time scales. 
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Figure 4.15 : Solid Music, dynamic state in MaxMSP environment. 
The relation between timescales is not always linear since sound is a one dimension 
element which can pass from one scale to another. However, these scales are not 
always perceptible since some scales allow outputs beyond the subsonic and 
perisonic intensities, which is the outside of range of human audible perception. In 
the scales of music, the infinite time scale is seen in the theory of Fourier analysis, 
which links frequency to sine waves of infinite duration (Figure 4.15). The relevance 
of time scales in music composition is also of critical importance for spatial systems, 
as it defines their more or less ephemeral behaviors. The Supra time scale is seen 
from a single composition, to compositional arrangements that go through out time 
and can be understood at certain moments in time – from a concert to a specific 
period in music. The Macro time scale is seen as the form of a composition, which 
can be found in periods which range from of 16m 40s to 1h 40m. Macro time scale is 
assessed by memory, since it uses repetitions to guide the listener. In this time scale 
the form of the composition can have a top-down classical structure – guided by 
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higher rules – or a bottom-up, – low level rule based behaviors – leading to meso 
structures that contain detailed sets and avoid repetitions.  
 
Figure 4.16 : Solid Music forms extracted from the virtual environment.  
Bottom-up structures were initiated by conceptual and chance composers such as 
John Cage, which produced sound from a predefined strategy, therefore sound was 
just a secondary outcome made of interruptions and overlaps. However the bottom-
up strategy also involves kinds of cell propagation, where low-level elements interact 
with each other and evolve towards a mass of sound. A level, that starts at the scale 
of the microstructure and evolves to the level of macro structure.  
In Solid Music, the scales which depict sound such as spectrum, amplitude and pitch, 
are represented in a real-time 3-dimensional format (Figure 4.16). By using the 
openGL environment in MaxMSP, the music is materialized through the gathering of 
small particles. Within the evolution there are microelements that go through a 
transformation which compose the sound object scale sounds, which depend their 
spectrum, amplitude and pitch. The composition of these sound objects is also linked 
to the micro time scale, which is stays in the range of 100ms elements, and can also 
go beyond the infrasonic range, leading to sample and sub-sample structures.  
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Figure 4.17 : Solid Music stereolihographic model.  
The space is an evolutionary construct, extracted from sonic characteristics, therefore 
any manipulation through its evolution is avoided (Figure 4.17). In order to extract 
the form from the virtual environment, the basic code of the Ogle OpenGL extractor 
was recomposed in order to extract the form into a stereo-lithographic format 
(Appendix C).  
4.2.1.4 Outcome of Solid Music 
Within these theoretical and technical premises, the space represents a solidification 
of sound in compliance with Alberti’s theories of harmony in music, therefore a type 
of archimusic. The usage of sonic principals as a form generation process is not a 
novel approach. Nevertheless, establishing a relation between form and granular 
synthesis through a active real-time method allows the formal composition to evolve 
dynamically according to its nonlinear sonic structure. 
Parallel to establishing connection to the Gabor’s Matrix, this approach also allows 
alternative modes of internal structures according to the existing array of granular 
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sounds. Therefore it permits to alternate modes of sonic structures along a 
scientifically established time-frequency structure. 
4.2.2 Emosphera project 
The Emosphera project was developed in Istanbul Technical University, Faculty of 
Architecture and presented in Alan Istanbul art gallery in 2012 within an immersive 
environment setting. The foundations of the Emosphera project are based in Kiesler’s 
thorough studies of the properties and correlations that multiple media inputs into a 
single space. His explorations into a multi-dimensional space are in fact the early 
stages of what would develop into a radically new notion of form and content 
suitably called “Endless Space”.  In the 1930’s the entitled “Correalist Theory" 
considers the principle of reality is not in the “reality” itself, but in the mode it 
correlates and systematizes itself to its environment, thus to its spatial dynamics and 
to its atmosphere. Kiesler also considered that it was vital to neglect the restrictions 
that separate the different arts and forthcoming media. These boundaries needed to 
be dissolved and allowed that painters, sculptors, and designers, driven away by 
functionalism, would return from exile to be appreciated in architectural realms. This 
notion of “Endless Space” and the studies “On Correalism and Biotechnique” in 
particular, have risen in recent new media art discussions. New technologies have 
emerged that are now provoking different questions regarding the technoethics of 
integrated biotech and post-digital tectonic potentials that withhold the concept of an 
ubiquitous and synesthetic space. 
4.2.2.1 Foundations of an autopoiesis synesthetic space 
Within the concept of biological paradigm, artists and architects have simultaneously 
implemented the use of multiple interdepended art practices to express one space. 
Certainly, architectural design is able to compile and consequently erect an 
envisioned space. Yet, the assembly and forthcoming existence of such a space is 
then persistently vulnerable to external influences or dogmatic principles.  Presently, 
visual arts and some forms of architecture allow different types of relations, as it’s 
possible to navigate through music or to touch the virtual. These forms of spatial art 
works persistently challenge artistic taxonomy. In spite of this, the use of different art 
practices to create a single work is not groundbreaking, as it can be traced back to the 
end of the nineteenth century (Packer, 2002). What is distinctive in recent history is 
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the creation of new spatial systems via digital and technological intercommunication 
across art forms. This common language is the base by which architecture and media 
arts dynamically connect spatial dimensions at a more fundamental structural level 
than was previously possible. 
Due to this connection, visual arts, music, and architecture go beyond the classical 
composition of the previously distinct, one might say, individualized artistic 
practices. In contemporary art and architecture, they shape a new species of spatial 
artwork, merging at a structural level a systematic information space to its form in a 
somewhat analogous manner to the automated biological process of morphogenesis, 
an autopoietic self-organizing system (Karsenti, 2008). 
The exploration of the question, about the form of an autopoiesis synesthetic space 
presents a theoretical line of reasoning, and a formal approach to understanding the 
relationship between real space, virtual space, and art. More significantly, it works as 
an incentive for the creation of new systems that have a dynamic spatial structure and 
reflect a contemporary understanding of knowledge and space. Thus, the domains of 
the Emosphera project entail sonic, visual and spatial arts invoking the scientific 
realm of biology. This configuration presents a form of understanding systematic 
connections, which are presented as transmodal aesthetics developed and pioneered 
by Marcos Novak on the subject of transvergence (Novak, 2001). Transvergence is a 
conceptual approach to novel modes that relate the acts of making and thinking about 
new forms of art and new resulting disciplines. This multi-modal knowledge is 
obtained through a process of derailment, hybridization, and speciation in order to 
acquire and transmit modal characteristics to new artworks. Novak’s understanding 
of transvergence can be found in the contrast between the concepts of convergence 
and divergence. 
“While convergence and divergence are simple linear extrapolations that proceed by 
strategies of alignment, transvergence advances translinearly, by tactics of derailment. While 
convergence and divergence are allied to epistemologies of continuity and consistency such 
as those of David Hilbert, Bertrand Russell and Alfred North Whitehead, transvergence is 
epistemologically closer to Kurt Gödel’s incompleteness theorem—which states that for any 
well-formed theory there will be valid propositions that are not derivable within the theory—
and to complexity, chaos and catastrophe theories, dynamical systems, emergence and 
artificial life. While convergence and divergence contain the hidden assumption that the true, 
in either a cultural or an objective sense, is a continuous landmass, transvergence recognizes 
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true statements to be islands in an alien archipelago, sometimes only accessible by leaps, 
flights, and voyages on vessels of artifice” (Novak, 1999, p.152). 
The language and ideas presented to support the concepts and assertions are obtained 
from an array of sources that include the historicity of music, visual arts, media arts 
and architecture, philosophical concepts with a particular focus on the “Body 
Without Organs”. This notion renders to a deeper reality that underlies a whole also a 
characteristic language found in the field of biology with the specific interest in the 
evolutionary process of form, also known as morphogenesis (Deleuze and Guattari, 
1987). Emosphera comprises a multi-mediated general description of a system of 
evolutionary spaces in a conceptual model understood as autopoiesis synesthetic 
space (Figure 4.18). 
 
Figure 4.18 : Emosphera: Interactive Model. 
As a description of a model, the term “Total Work of Art” originates from the 
concept of a work of art that includes several art forms. The concept is subsequently 
extrapolated by the usage of virtual reality (VR) and multimedia in order to describe 
the qualities of immersive artworks as immersive spatial systems. The term Total 
Work of Art is employed to define the qualities of a number of art works and their 
dimensions in the context of a structural space. In addition, the term evolutionary is 
used to depict the inherent biological structure that informs a space, both formally 
and as a system of communication. This structure is consequently applied within a 
range of multi-mediated art works in one space, which is characterized by the terms 
of autopoiesis synesthetic space. 
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4.2.2.2 Towards an autopoiesis synesthetic space 
Simultaneous to the continual development of science, Emosphera purposes to assess 
certain aspects of contemporary visual arts, music, and architecture, and how these 
complexities generate spaces that boost a mutual association with the human body 
and mind. Liberated of any standard, body and mind are constantly being stimulated 
by space, through physical and mental aspects. Hence, it is certainly pertinent to 
inspect behaviors humans can correlate with space, and in this particular case with 
multimediated spaces, in order to comprehend diverse modes of experiencing space. 
Whilst visual arts and architecture grew through thousands of years, the development 
of multimedia in art has just begun in the past century. 
The historic evidence of architecture delivers an enduring correlation between 
architects, artists, and engineers working concurrently towards a three-dimensional 
product. However, this involvement disappears if we present the multimedia element, 
as a construct with spatial characteristics for this fast-growing field, which is 
comprised in the last one hundred years. With the surge of technology came the 
inherent inexperience of multimedia, offering both the task and break to interrelate 
with space in original and deeper forms.  
Within architecture and the visual arts the formation of space is intended to the 
author who strictly creates that space. Nonetheless, this formal characteristic may be 
insufficient in order to express spatial assets, particularly if we observe architectural 
masterpieces. These masterworks contingent to their period and canons, which 
informed their conception represent a crystallized spatial instant throughout time, 
similar to artistic periods. Yet, principles vary and so does the understanding of 
space. Presently a profound novel understanding of space is developing multi-
mediated spaces. These universes transmit an additional set of dimensions, a virtual 
dimension. These added degrees of freedom permit dynamic communication among 
spaces, offering the opportunity for spatial interaction between virtual and real 
spaces. They consent architecture to disconnect from its tectonics without contempt 
of their formal configuration by enhancing organizational stability and flexibility to 
the massive catalogue of architectural assets. Marcos Novak defined these types of 
spaces as “Liquid Architectures”. 
155 
Overall the autopoietic synesthetic space aim is to correlate formal and operational 
abilities in an intuitive approach within the use of computational biology as a 
prescribed and fundamental notion for spatial expression. The construction of multi-
mediated spaces or “architectures” necessitates certain scientific and technical 
awareness; still, these considerations will become part of the existing practical 
consciousness and naturally develop in those who are absorbed in the making of 
these kinds of spaces. As these spaces will gradually become part of the current and 
future design idiosyncrasy.  
Alongside with the combination between formal and operational assets in space, the 
potential of “liquid architecture” stimulates resourceful possibilities that may 
potentiate a novel qualitative understanding of space, and thus a new kind of space. 
As formerly stated, Emosphera is not contended from an artist's perspective. The 
progress of an idiosyncratic type of space is in a incessant state of fluidity. Those 
who assume this progress are persistently driven to meet the vision made possible by 
the latest methods in the production of spaces. 
The notion of Total Work of Art, alongside with its universal perception of space, is 
presently thriving in the field of architecture. The assessment seized by Walter 
Gropius, the prominent architect and founder of the Bauhaus school in 1919. Was 
developed in the axioms of “The building of the future” and “art and technology - a 
new unity”, being the Bauhaus school a critical advocate of this line of thought. This 
original tendency relates both the functional and aesthetic characteristics of 
architecture to all artistic fields.  
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Figure 4.19 : Spatial Structure of Emosphera artwork. 
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The contextual premise alongside the conception of Total Work of Art delivers an 
understanding of a profound combined assembly amongst various art forms, 
altogether subordinated into a single space. The preliminary portrayal is crucial for 
the approach applied in the construct, as it declares a profound structural and formal 
complexity between several types of art. This position is opposes other connotations 
that embrace the synthesis of all art forms. This distinction is established both in kind 
and degree, as it does not signify a synthesized understanding of an art form, nor an 
absolute quantity or universe of art works (Deleuze and Patton, 2004). Alternatively, 
it hypothesizes a speciation through the structural lineages of artworks fostering the 
potential to evolve into a original kind of work owing to its existence to its biological 
structure. 
4.2.2.3 Methodology of the autopoiesis synesthetic space 
The methods used in the formation of an autopoiesis synesthetic space which 
incorporate electronic, digital, and algorithmic art forms, simultaneously represent 
particular technique that aim to achieve an automated mode of operation that renders 
systematic methods ubiquitous in various artistic disciplines (Figure 4.19). These 
techniques represent a manner of thinking about the making of art and the 
understanding of space that results in art works that are the expression of new spatial 
structures. The categories mentioned are not intended to be rigid, but rather to supply 
a basis for describing techniques used to produce evolutionary artworks. Although 
these have the possibility of becoming independent works, the procedure itself 
provides an implied commentary on the understanding of the structure of knowledge 
as a product of evolutionary processes.  
The initial definition of the applied methods is significant for the developed strategy, 
in which Emosphera is comprised. The methods assert a profound structural and 
formal complexity between various kinds of art, thus immediately detaching from the 
synthesis and linearity of a multimediated space. 
 
158 
 
Figure 4.20 : Emosphera: Interactive Model and Virtual Environment. 
Through coherence the hypothesis of an autopoiesis synesthetic space relates to 
electronic art and the artists previously stated through the philosophy of the 
gesamtkunstwerk. Still the correlation intensifies with the methodologies and assets 
their works hold (Figure 4.20). These capacities and procedures focus in 
understanding the usage of distinctive characterisitcs of space and their particular art 
forms. In sound art, Edgard Varese’s “Poème électronique” played in the Philips 
Pavilion, envisioned to produce a emancipation between sounds with the emphasis in 
the use of timbre and rhythm as proportions of sound. In other but related artworks 
both Schlemmer and Schöffer use different art forms to base their works in the 
communication between art and space. Oskar Schlemmer dedicated his 
understanding towards the extension of the body and its correlation with space also 
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present in his choreographic work “Slat Dance”. While Schöffer’s dynamic 
sculptures gained from cybernetic concepts from which he is contemplated as a 
pioneer in the field of cybernetic art. Through enhancing electronic mechanisms to 
sculptural components Schöffer unlocked the static three-dimensional figure to an 
added fourth dimension of time, being motion a crucial portrayal in his work “CYSP 
I”. Notwithstanding his distance to electronic art Kiesler’s notion of space comprises 
through this form of art, in particular his project “Vision Machine”, where he 
conceptualizes a mode in which the user sees beyond the existing space. In this 
project the individual would experience a virtual notion of space. Although never 
realized, the concept is understood and characterized as a spatial artwork where the 
user travels trough real and virtual spaces.  
This array of works is briefly introduced to associate and contextualize the 
autopoiesis synesthetic space, which can be characterized by the assemblage of an 
immersive sonic, virtual and actual space (represented in prototype model). The 
Emosphera artwork hypothesis varies from the previous examples, is by comprising 
from an evolutionary biological principle of information, by connecting multiple 
spatial elements to an intricate synesthetic spatial system (Thacker, 2008). 
4.2.2.4 Structure through biology and algorithms 
As a subset of the field of biology, the subject of embryology has existed since the 
studies on Anatomy and the proposal on epigenesis by Aristotle. In the renaissance, 
Italian anatomists also acknowledged the theme, which included the studies of 
Leonardo DaVinci on embryos. As the research became more precise and complex it 
took a critical step when D'Arcy W. Thompson and later Alan Turing, defined the 
mathematical processes and constraints that affect biological growth, which 
characterized the process of morphogenesis. Along with the control of cell growth 
and cellular differentiation, morphogenesis is a fundamental aspect of Evo-Devo 
(Flake, 2000). 
The process of morphogenesis took biology to a new level of complexity and 
increased the number of disciplines in the field, adding cellular biology, molecular 
biology, and genetics. Subsequently, this intentional division required an overview in 
order to establish a general understanding of biological development. This is 
currently known as the field of Evo-Devo. 
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Figure 4.21 : Comparison of the parameters in the evolutionary organisms with 
identical initial cell structure. 
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The focus on the need to understand and to calculate the impact of each element in 
the complex evolutionary process of morphogenesis required new tools and 
processes to provide and predict exact answers. The discipline of computational 
development, which saw the introduction of computers that were able (with the 
correct input) to correctly calculate biological development through equations and 
simulate developmental processes, emerged due to this need. Computational 
development (involving the joint use of new media and application of new 
simulation processes) is controlled both by the findings of evolutionary development 
biology and by the capabilities of computational usage (Kumar and Bentley, 2003). 
The majority of artistic approaches tend to adopt a morphogenetic structure into their 
composition (Figure 4.21). These structures generally have a sequence of 
evolutionary mechanisms and processes that incorporate genetic drift, gene flow, 
mutation, natural selection, and speciation. Nevertheless, the aforementioned 
processes, which are assembled into a genetic algorithm, never specify a process of 
morphogenesis. This is the argument in which the current project diverges (Table 
4.1). 
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Table 4.1: Evolutionary matrix of the participant organisms in both virtual and real environments of Emosphera. 
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4.2.2.5 Properties of the autopoietic synesthetic space 
As previously pointed, the characteristics of a contemporary Total Work of Art 
generally include immersive systems. Immersion as a system requires an organized 
set of actions in different degrees, requiring some interactivity in relation to the 
work. In traditional art forms, this can be understood as the relationship between the 
observer and the subject. The fundamental distinctions are set from the perspective of 
a passive observer to that of an interactive participant, as well as with the addition of 
a context that surrounds the subject (Appendix D).  
Through the evidential increase and interest in the creation of interactive artworks, 
this stance supports and reflects an idiosyncratic change in the understanding of our 
relationship to the universe that surrounds us. This change in the understanding is 
ubiquitous and equally manifested in the propagation of media and information. The 
changing relations between audience and space have created an opportunity for 
evolutionary interactive immersive artworks where the users participate in the 
appropriation and reconfiguration of the space itself (Figure D.1). Hence, a new 
freedom arises. The final form of the work is left open to interpretation, which 
requires the user to experience the work. Therefore, the unique experience of the user 
draws into question the validity of space or certain specific properties of the space 
(Figure D.2). 
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Figure 4.22 : Network structure of interactive systems in Emosphera. 
The Emosphera project represents an idiosyncratic logic of designing based on a set 
of biologic principles involved in the production of an object and the 
accomplishment of an environment, which includes autopoiesis and synesthesia 
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(Figure D.3). The exploration merges space and media through embryologic 
procedures, in order to create an ubiquitous multimodal spatial envelope (Figure 
4.22). The work is a technical re-contextualization of biological elements and 
processes. These denote the genetic code of the object can be scripted and 
reproduced by means of communication (Figure D.5). This autopoiesis departs from 
the premise that the code of the space is, to a certain extent, related to the artifact’s 
environmental experience (Figure D.6). Hence the project evolves a continuous 
media reconfiguration of its elements, along with an adaptive correspondence in the 
actual space (Figure D.7). Thus Emosphera represents a spatial envelope of elements 
surrounding our mnemonic existence, extracted from an embryological synesthesia. 
4.2.2.6 Conclusion of Emosphera 
Emosphera intends to present formal experiments that are representative points in the 
evolution of the autopoiesis synesthetic spaces. The process of exploration outlined 
as an account of the techné involved with the respective works. Techné is defined as 
a set of principles involved in the production of an object, or as the accomplishment 
of a goal and the extraction of knowledge through art. Techné resembles episteme in 
implying knowledge of principles, but differs in that its aim is making or doing, not 
disinterested understanding. The use of the term techné instead of praxis is 
intentional and explicit if we take into account the transvergent methods and 
modalities used in the production of spaces.  
Frederick J. Kiesler has methodically studied the subtleties and union of multiple 
media into a single space. Kiesler’s explorations into multidimensional spaces are in 
fact the beginnings of what would become a radically new concept of form and 
content appropriately called “Endless Space”.  In the 1930’s, entitled the “Correalist 
Theory" believes that the essence of reality is not based on itself, but in the way it 
correlates and orders itself to its environment, to its spatial dynamics and to its 
atmosphere. Kiesler also deemed that it was essential to disregard the boundaries that 
separate the different arts and media.  These boundaries needed to be dissolved and 
proclaimed that painters, sculptors, and designers, driven away by functionalism, 
would return from exile to be welcomed by architecture. Since his death in 1965, his 
notion of “Endless Space” and his studies “On Correalism and Biotechnique” in 
particular, have resurfaced in recent art discourse. New technologies have emerged 
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that are now provoking different questions regarding the technoethics of integrated 
biotech and post-digital tectonic potentials that withhold the concept of a ubiquitous 
and synesthetic space.  
The principle of autopoiesis synesthetic space represents an idiosyncratic logic of 
designing based on a set of biologic principles involved in the production of an 
object and the accomplishment of an environment (Figure D.8, Figure D.9), which 
includes autopoiesis and synesthesia. The principle merges space and media through 
biological procedures, in order to create an ubiquitous multimodal spatial envelope 
(Figure D.10). Media affects and biology effects in the production of space is a 
technical re-contextualization of biological elements and processes (Figure D.12, 
Figure D.13). These denote the genetic code of the object can be scripted and 
reproduced by means of communication. This autopoiesis departs from the premise 
that the code of the space is, to a certain extent, related to the artifact’s environmental 
experience. Hence the project evolves a continuous media reconfiguration of its 
elements, along with an adaptive correspondence in the actual space. Thus 
autopoiesis synesthetic space stands as a spatial envelope of effects surrounding our 
mnemonic existence, obtaining a synesthetic experience. 
Generally speaking in the production of space the definition of “form” is thought as a 
geometrical element in space. Then again, “form” is a particular property, which 
belongs to sonic, visual and spatial elements. Although all spaces are defined by 
these elements, not all of them are thought and designed in the same manner. 
Nevertheless all of them affects us. Thus without its dynamics, spatial form is only a 
fraction of a space itself. Under these conditions the challenge becomes not “what” 
to design, but “how” to design. How to design the dynamic relation between this 
multilayered environment, where spatial, visual and sonic forms merge and act 
together in a ubiquitous temporal structure, that ultimately has a symbiotic and 
synesthetic relation with the human body. Thus, Emosphera (embryological 
atmosphere) stands as a synesthetic modal system of real and virtual spatial elements 
surrounding our existence. 
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5.  CONCLUSION AND FUTURE WORK 
The motivation behind this dissertation was to define a language, based in academic 
and critical discourse, which one could use to describe the procedures and operations 
employed in the creation within a architectural stance of a biological derived total 
artwork. Within this perspective this dissertation, although not strictly about 
architecture, follows a long line of similar researches in the field, in which designers 
describe the techniques and theory used in the making of their work. A fundamental 
for this dissertation is the notion of “On Correalism and the Biotechnique” (Kiesler, 
1939), which unfolded into the constructs of “Evolutionary Architecture” (Frazer, 
1995) and Liquid Architectures (Novak, 1999), as works that embed and resonate as 
contemporary understandings. These works contain a strong theoretical and practical 
description of design techniques, which contextualize the works in relation to the 
aesthetics and practices of other artists and designers throughout history. From this 
perspective, the rationalizations in this dissertation are not intended to be a 
conclusive and rigid evaluation of all architecture and media works, but a description 
of an open-ended operational method that can provide insight to other artists and 
architects, in engaging a discourse of formal approaches in architectural design in the 
context of immersive environments. 
This dissertation was an exploration of the question, what is the “Function of the 
Bio” through the correlated use of evolutionary strategies and spatial systems, which 
provided the impetus for a theoretical discussion and a formal approach to the 
understanding a biological-derived design. In addition, this exploration provided a 
basis for the creation of open works that have biological, interactive and immersive 
structure and reflect our current understanding of knowledge and nature. The fields 
of this study fell within the emerging fields of new media art and computational 
architecture although not constrain in the present taxonomical contexts. The resultant 
projects were inspired by experimental aesthetics developed and matured in tandem 
with the contribution in a series of open works that develop through multiple 
dimensions and modalities. The terms and ideas that were presented in support of the 
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concepts put forth in this dissertation were derived from a variety of sources, 
including the histories of art and architecture, as well as concepts in philosophy with 
a particular emphasis in Deleuzian philosophy and a technical discourse as found in 
the field of computational biology. The result of this exposition was the definition, 
evaluation, and exploration of a transvergent, generalized understanding in the 
functional role of computational biology as a spatial system that merges immersive 
and real spaces into a formless organism. 
Conceptually, this dissertation can be seen as a two fold that reflects two 
perspectives on the argument that was proposed. One aspect is the exploration of the 
question, on the “Function of the Bio” and the other aspect provides a description of 
the formal model of the “Evolutionary Spatial System”. While the first sections based 
on the formalization and conceptualization is most closely related to the question, the 
second section between theory and experimentation is most closely related to the 
hypothesis. The correlation of the two formats is representative of how the question 
and the problem, from conception to implementation, are intertwined. 
5.1 Research Results 
The establishment of the function of a biological construct through Computational 
Biology for evolutionary spatial systems was based in the history and practice of new 
media art and architecture. The interdisciplinary practice of new media art has a 
varied history that is based in a myriad of seemingly conflicting or unrelated 
disciplines, styles, and structures. Due to the interdisciplinary nature of new media 
arts, the field is not based on one history or practice; therefore it was discussed from 
the perspective of several histories and practices. The breaching of present 
taxonomies acts as an unifying feature between the seemingly conflicting or 
unrelated histories and practices of media art can be found in space. In particular the 
kind of space that is structured using multiple representations of information and 
time. Therefore, it was from the perspective of art, architecture and computational 
biology that a general description of evolutionary spatial systems was established. 
Through a discussion of immersive systems in terms of its foundations and as a break 
from linear spaces, coincides with a rise in new technologies. Subsequently, the 
methods on Correalism, Computational Biology and Immersive Environments, 
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potentiated and determined the biological and algorithmic structures of space, and its 
characteristics of immersion and interactivity. 
Having a general description of biological strategies in design provided a point of 
departure for the discussion of the concept and implementation of the Evolutionary 
Spatial Systems hypothesis. The hypothesis of Computational Biology for 
Evolutionary Spatial Systems attempted to address the form of a biological integrated 
system of architectural and immersive environments, by describing an abstract 
conceptual model that provided a formal approach to the organization and 
implementation of evolutionary spatial systems in immersive artworks. 
From the basis of the definition of Computational Biology for Evolutionary Spatial 
Systems, a high level theoretical model was structured as a rhizomatic ecosystem of 
environments, modalities, and transformations, which were defined using the 
Deleuzian discourse. This theoretical model became a point of departure for a 
holistic understanding of space, providing a bridge between the theory and 
experimentation of computational biological strategy for the Evolutionary Spatial 
Systems hypothesis. The proposition describes the components that need to be 
addressed, when establishing the technical model of the evolutionary spaces. 
Therefore, it was from this basis that an advanced construct model of evolutionary 
spatial systems was defined. By using the design configurations of computational 
design, the tasks of the Evolutionary Spatial Systems were derived into three areas; 
the Computational Biology, Generative Design and Immersive Systems, which 
correlate to the environments and evolutions of the theoretical construct. The 
integration of both real and vitual spaces facilitated the development of richer 
environments by defining the components that are needed to create evolutionary 
interactive works. The connections were drawn between the theoretical and 
implementation of biological driven models for Evolutionary Spatial Systems form a 
generalized description of a single abstract model that can be used for the conceptual 
and technical development of architecture through integrated immersive artworks. 
Ultimately, the evolution and testing of the Evolutionary Spatial System hypothesis 
was induced in a process of exploration outlined in a range of works. To this end four 
works were presented that provided a history of the discovery and examples of the 
implementation of the hypothesis in two stages. The first three works Biophotonic 
Avatar (2006), 57Morphogenesis (2007), Solid Music (2007) showed the beginnings 
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of the concepts that led to the development of the evolutionary construct. The second 
two works presented Solid Music (2008) and Emosphera (2011), are instances that 
contributed directly to the development of the hypothesis. The latter two works were 
implemented using the Function of the Bio construct and thus provide a basis for the 
evaluation and testing of the evolutionary spatial systems hypothesis. The description 
of these works and their relation to the development and discovery of the research 
hypothesis presented compelling evidence for the reusability of the Computational 
biology for Evolutionary Spatial Systems in the creation of various architectural 
projects. 
The Evolutionary Spatial Systems is the baseline model for the development of 
various works that is abstract and open enough that it can be scaled, augmented, and 
modified as needed. As shown in the examples of works provided in the Chapter 4, 
the Function of the Bio intends to instigate the development of meaningful works by 
combining technical and conceptual issues surrounding the understanding of 
designing architecture through a holistic and modal understanding of spatial practice.  
5.2 Future Work 
The Computational Biology for Evolutionary Spatial Systems that is described in this 
dissertation is the current kind of a model that, over time and through the creation of 
other works, will continue to evolve, in order to adapt to unpredictably new and 
potential forms and contexts. As the Function of the Bio can be used in the construct 
and understanding of further projects, the notion will continue to evolve and mutate. 
In this sense, the Evolutionary Spatial Systems is not an absolute structure, but a 
glimpse of a deterritorialized form that will change function through a series of 
unpredictable future divergences, convergences, and bifurcations that result from the 
buildups of appearances of the Evolutionary Spatial Systems in various works. 
Therefore, the Function of the Bio is a prototypical construct that potentiates and 
instigates evolution itself. In the future, there will be a series of new models, which 
will take on unforeseen structures such as augmented and parallel spaces. 
Beyond the evolution and transformation of the Evolutionary Spatial Systems 
through the development of new works, there lies the potential for this model to 
evolve and transform through the assessment of existing works. The results of the 
evaluation of these works can be used to facilitate the directed pursuit of new 
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methods that could potentially lead to extensions and variations of the current 
structure, or lead to other forms and models altogether.  
Beyond the evaluation and the pursuit of new guidelines of form in the 
Computational Biology for Evolutionary Spatial Systems model, there are interesting 
experiments and new directions that can be taken with this system as it stands. For 
example, the modularity of the definition of the Evolutionary Spatial Systems model 
facilitates experimentation with the form and structure of works developed using the 
Function of the Bio construct. Therefore, the aspects of various works can be 
swapped with each other readily, leaving only the specifics of second-order 
cybernetics and other contextual considerations open for later definitions. In other 
words, an assortment of methods and structures could be used with a single modality, 
and a multitude of modalities could be used with a single structure and operation. For 
instance, it would be possible to use the narrative structure of Solid Music to drive 
the views of Emosphera once the spatial mappings of Emosphera are mapped to 
Solid Music’s structure and its method for interacting with its surroundings. 
Another possibility for experimentation lies in the potential for the implementation of 
the Computational Biology for Evolutionary Spatial Systems in the development of 
works that are not gallery-based installation artworks. Feasibly the Evolutionary 
Spatial Systems could be modified and refined for use in the development of urban 
works, music compositions, and possibly any other nonlinear evolutionary based 
constructs. The use of new media and architecture in the development of works 
outside of the field of new media could potentially lead to new forms, new 
directions, and new hybrids of works. 
The technical aspects of the Computational Biological structure of the Evolutionary 
Spatial Systems could also be further refined in order to improve and optimize the 
definition and implementation of the Function of the Bio. The perpetuation of this 
enhancement will ultimately result in the development of an Computational Biology 
for Evolutionary Spatial Systems framework, which could be distributed and used by 
others. In order to achieve this objective, it will be necessary to make the 
Evolutionary Spatial Systems as independent of software packages and operating 
systems as possible, while remaining in sync with the latest technological 
developments. Therefore, future versions of the Evolutionary Spatial Systems model 
will move away from Maya and Max/MSP/Jitter (used in the projects described in 
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Chapter 4), and move towards a lower-level cross-platform C++ based multimedia 
library, such as the emerging open source library or Max/MSP/Jitter’s Gen 
framework. The change in direction of the Computational Biology for Evolutionary 
Spatial Systems to a new language and platform is not intended to eliminate the 
possibility of the use of fabrication tools like Maya, Rhino or media tools like 
Max/MSP/Jitter in the development of future projects. On the contrary, the change in 
direction to a new language and platform is intended to provide a robust basis for the 
development of projects that are flexible enough to be implemented in or in 
conjunction with a multitude of platforms, operating systems, and environments. 
Platforms that encourage the use of Processing and Grasshopper, or environments 
that include augmented reality current components of a multiplatform construct.  
These steps will maintain the flexibility and scalability in future versions of the 
Evolutionary Spatial Systems model, and more importantly would further develop 
the open construct proposed in the Function of the Bio, as an formless allo-organism. 
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APPENDIX A: BioPhotonic Avatar MEL Script 
 
/* 
 
_______________________________________________________________ 
 
Author(s):Frederico Teixeira 
 
Support: fredericofialho@f-flat.com 
 
Soudscape 0.3  
 
Date: 05.07.07 
 
Requirements: Maya7.0 
 
Status: working 
 
Updates:more elements which deform cv's according to inner  
 
relations and adds color according to an if/else loop, and 
 
render code. 
 
_______________________________________________________________ 
 
 
 
Noise Deformer Plug-In for Maya 6.0 
 
 
 
Included files: 
 
 Readme.txt - this file 
 
 noiseDeformer.mel - the node creation script 
 
 noiseDeformCreateUI.mel - creates menu item in deform menu 
 
 am_noiseDeform.mll - binary plug-in 
 
 
 
Installation: 
 
 Copy the am_noiseDeofrm.mll in a plug-ins directory as per the Maya Documentation. 
 
 Copy the .mel files into a scripts directory. 
 
 Load the plug-in via the plug-in manager window. 
 
 
 
Usage: 
 
 Load the plug-in from the plug-in Manager.  
 
 Select a mesh, surface, curve or lattice and select Deform -> Noise Deformer. 
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 A noise deformer will be created and your geometry connected to it automantically. 
 
 Select the icon, or the origin locator to manipulate the deformer. 
 
 
 
Parameters: 
 
 The noiseDeformer responds to translation, rotation and scaling of the deformer icon. 
 
 
 
 Amplitude - Effects the amount of deformation which takes place. 
 
 Frequency X, Frequency Y, Frequency Z - Frequency of the noise in each axis.  
 
   To disable noise in any axis set the appropriate frequency to 0. 
 
 Point Space - Defaults to local which will generate noise based on the CV's relative  
 
   position to the objects origin.  Setting this parameter will generate noise  
 
   based on the CV's position relative to the world origin.  Experiment with  
 
   this parameter for different effects. 
 
 Use Normal - Defaults to No.  The noise Deformer by default moves the CV along an axis  
 
   specified by the CV and the noiseDeformerOrigin Locator.  This is a fast  
 
   and flexible option which allows you to apply directional deformation by  
 
   moving the locator.  However, on complex objects it may be preferable to  
 
   move the CV along the surface normal, much like a displacement map.  The  
 
   Maya API however does not allow direct access to the surface normal from  
 
   a deformer node.  The workaround for this is SLOW, especially on large 
numbers  
 
   of points. Use caution when seting this parameter to Yes. 
 
  
 
changes: 
 
 Changed nurbs normal lookup to be much faster. 
 
//              noiseDeformer.mel 
 
 
// Usage : Select one or many surfaces/curves you wish to deform. 
 
// Source this script and run it. 
 
// A noiseDeformer node will be created and connected to the selected geometry.  
 
/////////////////////////////////////////////////////////////////////////////////// 
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global proc noiseDeformer() { 
 
 
 
 int $i; 
 
 string $surfit; 
 
 string $sel[]=`ls -sl`, $name[]; 
 
 
 
 if (!`pluginInfo -q -loaded noiseDeformer`) { 
 
  catch(`error "\nError. The noiseDeformer plugin cannot be found. Please load it and 
try again."`); 
 
  return; 
 
 } 
 
 
 
 deformer -type noiseDeformer; 
 
} 
 
/////////////////////////////////////////////////////////////////////////////////// 
 
//              noiseDeformCreateUI.mel 
 
// Usage : None. 
 
// Automatically run by plugin, creates menu item in Deformers menu.  
 
/////////////////////////////////////////////////////////////////////////////////// 
 
global proc noiseDeformCreateUI() 
 
{ 
 
 global string $gMainDeformationsMenu;; 
 
 int $numItems = `menu -q -ni $gMainDeformationsMenu`; 
 
 if ($numItems == 0) {  
 
  // Try to build the menu 
 
  string $pmCmd = `menu -q -pmc $gMainDeformationsMenu`; 
 
  catch(eval($pmCmd)); 
 
  $numItems = `menu -q -ni $gMainDeformationsMenu`; 
 
 } 
 
 if( $numItems == 0 ) 
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 { 
 
  print "can't find primitives menu, creating new menu"; 
 
  menu -l "NewDeformers" -aob 1 -p "MayaWindow" primMenu; 
 
 } 
 
 else 
 
 { 
 
  string $items[] = `menu -q -ia $gMainDeformationsMenu`; 
 
  setParent -m $gMainDeformationsMenu; 
 
 } 
 
 menuItem -divider true; 
 
 menuItem -l "Noise Deformer" -c "noiseDeformer" 
 
            -annotation "Create a noise deformer" 
 
            noiseDeformMenuItem; 
 
 setParent ..; 
 
  
 
} 
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APPENDIX B: Nurbulations MEL Script 
/*_____________________________________________________________ 
 
 
Author(s):Frederico Teixeira 
 
Support: fredericofialho@f-flat.com 
 
Nurbulation v0.10 
 
Date: 05.11.07 
 
Requirements: Maya7.0 
 
Status: not totally working 
 
Updates: Shader 
 
_____________________________________________________________*/ 
 
 
 
//Clears scene 
 
select -all;   
 
delete;  
 
//_____________________________________________________________ 
 
 
 
//The characteristics of the form 
 
//_____________________________________________________________ 
 
 
 
 //Create a NurbsSurface. 
 
  //get attributes from any surface 
 
   //curves, cvs, position, rotation, scale 
 
global proc FF_maketorus(int $rows, int $collums){ 
 
 
 
for($i=0;$i<$rows;$i++){ 
 
  for($j=0;$j<$collums;$j++){ 
 
  $name = "nurbsTorus" + "_"+$i+"_"+$j; 
 
  torus -p 0 0 0 -ax 0 0 1 -ssw 0 -esw 360 -msw 360 -r 1 -hr 0.5 -d 3 -ut 0  
 
     -tol 0.01 -s 12 -nsp 8 -ch 1 -n $name; 
 
  select -r ($name + ".cv[0:7][2:6]") ;  
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  move -r -ls -wd 0 0 -2.010254 ; 
 
  scale -r -p 0cm -0.930059cm -2.010254cm 1 1 0.456182 ; 
 
  select -r ($name + ".cv[2:4][3:5]") ; 
 
  move -r -ls -wd 0 -0.607775 0 ; 
 
  select -r ($name + ".cv[3][4]") ; 
 
  move -r -ls -wd 0 -2.022762 0 ; 
 
  select -r ($name + ".cv[0][0]") ($name + ".cv[0][8:11]") ($name + ".cv[1][0]") 
($name + ".cv[1][8:11]") ($name + ".cv[2][0]")  
 
      ($name + ".cv[2][8:11]") ($name + ".cv[3][0]") ($name + 
".cv[3][8:11]") ($name + ".cv[4][0]") ($name + ".cv[4][8:11]")  
 
      ($name + ".cv[5][0]") ($name + ".cv[5][8:11]") ($name + 
".cv[6][0]") ($name + ".cv[6][8:11]") ($name + ".cv[7][0]") ($name + ".cv[7][8:11]") ; 
 
  move -r -ls -wd 0 0 2.046784 ; 
 
  select -r ($name + ".cv[2:4][9:11]") ; 
 
  move -r -ls -wd 0 0.731965 0 ; 
 
  select -r ($name + ".cv[3][10]") ; 
 
  move -r -ls -wd 0 1.745455 0 ; 
 
  select -r ($name + ".cv[7][10]") ; 
 
  move -r -ls -wd 0 -5.408442 0 ; 
 
  select -r ($name + ".cv[5][7]") ; 
 
  move -r -ls -wd 0 -3.299134 0 ; 
 
  select -r ($name + ".cv[7][4]") ; 
 
  move -r -ls -wd 0 5.749475 0 ; 
 
  select -r ($name + ".cv[1][1]") ; 
 
  move -r -ls -wd 0 3.464238 0 ; 
 
  select -d ($name + ".cv[1][1]") ; 
 
  select -cl ; 
 
  hilite -u $name ; 
 
  select -r $name ; 
 
  xform -ws -t ($i*2) ($j*2) 0; 
 
  } 
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 } 
 
} 
 
 
 
FF_maketorus(5, 5); 
 
 
//_____________________________________________________________ 
 
 
 
//Diferentiation of the form and materiality 
 
//_____________________________________________________________ 
 
 
 
//Every object evolves according to the neighbour, with an overall max value. 
 
 
 
global proc FF_randSelect(int $rows, int $collums){ 
 
  
 
for($i=0;$i<$rows;$i++){ 
 
 
 
 string $name03 = "class" + $i; 
 
 //  setAttr defaultRenderGlobals.imageFilePrefix -type "string" $name03;   
 
 //  render persp;            
 
 print("would render\n"); 
 
 
 
  for($j=0;$j<$collums;$j++){ 
 
  $name = "nurbsTorus" + "_"+$i+"_"+$j; 
 
  int $Rand = 1; //rand(1,4); 
 
   
 
  float $xrand = rand ( -.5, .5); 
 
  float $yrand = rand ( -.5, .5); 
 
  float $zrand = rand ( -.5, .5); 
 
   
 
  move -r $xrand $yrand $zrand $name; 
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  float  $scalerand = rand( 1.1, 1.1, 1.1); 
 
   
 
  switch($Rand){ 
 
                   case 1: 
 
                          select -r $name; 
 
    xform -s ($yrand*1.1) ($xrand*1.1) ($zrand*1.1); 
 
                           break; 
 
                   case 2: 
 
                          select -r $name; 
 
    setAttr ($name +"phong1.color") -type double3 0.0223333 0 1; 
 
                          break; 
 
                   case 3: 
 
    select -r $name; 
 
    setAttr ($name +"phong2.color") -type double3 0.981088 0 0.992; 
 
    break;  
 
   } 
 
 } 
 
} 
 
 
 
} 
 
FF_randSelect(5, 5); 
 
 
 
for($i=0;$i<5;$i++){ 
 
 $e = rand(1,5); 
 
 $v = rand(1,5); 
 
$execute = FF_randSelect(5,5); 
 
eval($execute); 
 
currentTime $i; 
 
print $i; 
 
} 
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////Form lineage(phylogenesis) 
 
 
 
 
 
for($ttt=0;$ttt<100;$ttt++){ 
 
 
 
string $group[] = `ls -tr "Torus*"`; 
 
string $WinningName = ""; 
 
 
 
//makes a winning  
 
float $WinningVal = 1000000000; 
 
for ($xx=0; $xx<size($group); $xx++) { 
 
 float $CurPos[] = `pointPosition ($group[$xx] + ".cv[1][1]") `; 
 
  
 
//calculates the distance 
 
 vector $CurVec = <<$CurPos[0],$CurPos[1],$CurPos[2]>>; 
 
  
 
 string $groupY[] = `ls -tr "Torus*"`; 
 
  
 
 for ($yy=0; $yy<size($groupY); $yy++) { 
 
  float $OthPos[] = `pointPosition ($groupY[$yy] + ".cv[1][1]") `; 
 
  vector $OthVec = <<$OthPos[0],$OthPos[1],$OthPos[2]>>; 
 
  $diffVec = $CurVec - $OthVec; 
 
  float $diffMagnitude = mag($diffVec); 
 
  if($diffMagnitude < $WinningVal && $diffMagnitude != 0) { 
 
   $WinningVal = $diffMagnitude; 
 
   $WinningName  =  $groupY[$yy]; 
 
  }  
 
 //print $WinningName;   
 
 } 
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 print ("Group: " + $group[$xx] + "\n"); 
 
 print ("Winner:  " + $WinningName + "\n"); 
 
 if ($group[$xx] != "" && $WinningName != "") {  
 
  
 
//Neighbour relations  
 
//checks the elements Z scales and modifies neighbours for groupXX 
 
 float $WinnersHt = `getAttr ($WinningName + ".scaleZ")`; 
 
 float $MyHt = `getAttr ($group[$xx] + ".scaleZ")`; 
 
 if ($WinnersHt > $MyHt) { 
 
  setAttr ($group[$xx] + ".scaleZ") (1.15*$MyHt); 
 
 } 
 
 else{ 
 
  setAttr ($group[$xx] + ".scaleZ") (0.96*$MyHt); 
 
 } 
 
 
 
//checks the elements X scales and modifies neighbours for groupXX 
 
 float $WinnersHt = `getAttr ($WinningName + ".scaleZ")`; 
 
 float $MyHt = `getAttr ($group[$xx] + ".scaleZ")`; 
 
 float $TZ = `getAttr ($group[$xx] + ".translateX")`; 
 
 if ($WinnersHt > $MyHt) { 
 
  setAttr ($group[$xx] + ".translateX") (rand(0.12)+$TZ); // change for path 
 
 } 
 
 else{ 
 
  setAttr ($group[$xx] + ".translateX") (rand(-0.08)+$TZ); 
 
 } 
 
  
 
//checks the elements Y scales and modifies neighbours for groupXX 
 
 float $WinnersHt = `getAttr ($WinningName + ".scaleZ")`; 
 
 float $MyHt = `getAttr ($group[$xx] + ".scaleZ")`; 
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 float $TZ = `getAttr ($group[$xx] + ".translateY")`; 
 
 if ($WinnersHt > $MyHt) { 
 
  setAttr ($group[$xx] + ".translateY") (rand(0.12)+$TZ); 
 
 } 
 
 else{ 
 
  setAttr ($group[$xx] + ".translateY") (rand(-0.08)+$TZ); 
 
 } 
 
 
 
//Fitness 
 
 float $XXBB[] = `getAttr( $group[$xx] + ".boundingBoxSize")`; 
 
 //float $YYBB[] = `getAttr( $WinningName + ".boundingBoxSize")`;  
 
 vector $XXBBvec = <<$XXBB[0],$XXBB[1],$XXBB[2]>>; 
 
 //vector $YYBBvec = <<$YYBB[0],$YYBB[1],$YYBB[2]>>;   
 
 float $XXmag = mag($XXBBvec); 
 
 //float $YYmag = mag($YYBBvec); 
 
 if( $XXmag > 10 ) { 
 
  delete $group[$xx]; 
 
  print ("Deleted " + $group[$xx]+ ".\n"); 
 
 } 
 
 } 
 
} 
 
currentTime $ttt; 
 
} 
 
 
 
//creates a Stem (leading) object 
 
sphere -r .5 -n Stem1; 
 
 
 
//MUST keyframe the sphere 
 
for ( $i =1; $i <48; $i++) { 
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//creates variables 
 
float $MaxDist = 3; 
 
float $MinDist = 0.5; 
 
string $group[] = `ls -tr "Torus*"`; 
 
 
 
//creates loop acording to the position of every object 
 
for ($x = 0; $x < size($group); $x++) { 
 
  
 
//evaluates Max/min distance values 
 
 float $CurPos[] = `pointPosition ($group[$x] + ".cv[1][1]") `; 
 
 vector $CurVec = <<$CurPos[0],$CurPos[1],$CurPos[2]>>; 
 
 
 
// Recursive loop 
 
 for ($y = 0; $y < size($group); $y++) { 
 
  float $OthPos[] = `pointPosition ($group[$y] + ".cv[1][1]") `; 
 
  vector $OthVec = <<$OthPos[0],$OthPos[1],$OthPos[2]>>; 
 
  $diffVec = $CurVec - $OthVec; 
 
  float $DistVal = mag($diffVec); 
 
  if ($DistVal != 0 && $DistVal < $MaxDist ) { 
 
   $quarterVec = $diffVec * 0.25; 
 
   xform -r -t ($quarterVec.x) ($quarterVec.y) ($quarterVec.z) $group[$x]; 
 
  } 
 
  else if ($DistVal > 0 && $DistVal < $MinDist) { 
 
   $QuadVec = $diffVec * 4; 
 
   xform  -r -t ($QuadVec.x) ($QuadVec.y) ($QuadVec.z) $group[$x]; 
 
  } 
 
  else { 
 
   float $LastPos[] = `pointPosition ("Stem1.cv[1][1]") `; 
 
   vector $LastVec = <<$LastPos[0],$LastPos[1],$LastPos[2]>>; 
 
   $ResVec = ($CurVec - $LastVec) * -0.01 ; 
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   xform -r -t ($ResVec.x) ($ResVec.y) ($ResVec.z) $group[$x]; 
 
  } 
 
 }  
 
} 
 
 
 
currentTime $i; 
 
} 
 
 
 
//Duplication 
 
//((pow(1.2, (3 * $ttt * 1.5)) * (1 + cos( $ttt * 1.5))) * cos(3 * $ttt * 1.5))  
 
//((pow(1.2, (3 * $ttt * 1.5)) * (1 + cos( $ttt * 1.5))) * sin(3 * $ttt * 1.5))  
 
//(-(((pow(1.2, (3 * $ttt * 1.5)) * sin( $ttt * 1.5)) - 1.5 * pow(1.2,  
 
//(3 * $gPos * $gPos)))/(1/($gPos + $gPos))));  
 
 
int $iii = 0; 
 
int $rrr = 0; 
 
for ($x2=0;$x2<20;$x2++) { 
 
 string $group[] = `ls -tr "*Torus*"`; 
 
 for($ttt=0;$ttt<size($group);$ttt++){ 
 
  //string $group[] = `ls -tr "Torus*"`; 
 
  float $gPos[] = `pointPosition($group[$ttt] + ".cv[1][1]")`; 
 
  select -r $group[$ttt]; 
 
  duplicate -rr; 
 
 
  string $dummyHist[] = `listHistory $group[$ttt]`; 
 
  string $ConnectedMat[] = `listConnections $dummyHist[0]`; 
 
 
  //if(`substring $ConnectedMat[0] 1 5` == "FFlam") { 
 
   //forces color 
 
   string $selobj[] = `ls-sl`; 
 
   string $FFlambert = "FFlambert"+$iii; 
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   string $FFlambertSG = "FFlambert"+$iii+"SG"; 
 
   string $FFlambertoutcolor = "FFlambert"+$iii+".outColor"; 
 
   string $FFlambertSGsS = "FFlambert"+$iii+"SG.surfaceShader"; 
 
   string $FFlamberttrans = "FFlambert"+$iii+".transparency"; 
 
   string $FFlambertcolor = "FFlambert"+$iii+".color"; 
 
    
 
   
 
   shadingNode -asShader lambert -n $FFlambert; 
 
   renderCreateBarCB -asShader "surfaceShader" lambert; 
 
   sets -renderable true -noSurfaceShader true -empty -name $FFlambertSG; 
 
   connectAttr -f $FFlambertoutcolor $FFlambertSGsS; 
 
   
 
   select -r $selobj[0] ; 
 
   sets -e -forceElement $FFlambertSG; 
 
   float $randco = rand(0,1); 
 
   //setAttr $FFlambertcolor -type double3 $randco $randco $randco ; 
 
   $iii++; 
 
   //end force color 
 
  //} 
 
 
  move -r (1*cos($gPos [$ttt]*10)) (1*sin($gPos[$ttt]*10)) 0.2;     
 
  scale -r .96 .96 .96; 
 
  rotate -r 30 (1*sin($gPos[$ttt]*10)) (1*sin($gPos[$ttt]*10)); 
 
   
 
  float $CurPos[] = `pointPosition ($group[$ttt] + ".cv[3][10]") `; 
 
  int $randnum = rand(0, size($group)); 
 
  string $randName = $group[$randnum]; 
 
  float $RandPos[] = `pointPosition ($group[$randnum] + ".cv[3][4]") `; 
 
   
 
  vector $Vmain = <<$CurPos[0],$CurPos[1],$CurPos[2]>>; 
 
  vector $Vother = <<$RandPos[0],$RandPos[1],$RandPos[2]>>; 
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  $diffVec = $Vmain - $Vother; 
 
  float $VMag = mag($diffVec*1.5); 
 
  float $vtran = $VMag/20; 
 
  setAttr $FFlambertcolor -type double3 $vtran $vtran $vtran ; 
 
  vector $Vmainunit = -unit($diffVec); 
 
  vector $Votherunit = unit($diffVec); 
 
  vector $Vmaindir = ($Vmainunit*$VMag); 
 
  vector $Votherdir = ($Votherunit*$VMag); 
 
  select -r ($group[$ttt] + ".cv[3][10]");  
 
  move -r ($Vmaindir.x) ($Vmaindir.y) ($Vmaindir.z); 
 
  select -r ($group[$randnum] + ".cv[3][4]"); 
 
  move -r ($Votherdir.x) ($Votherdir.y) ($Votherdir.z); 
 
 
 } 
  
 
 for($ttr=0;$ttr<size($group);$ttr++){ 
 
  float $XXBB2[] = `getAttr( $group[$ttr] + ".boundingBoxSize")`;  
 
  vector $XXBB2vec = <<$XXBB2[0],$XXBB2[1],$XXBB2[2]>>;  
 
  float $XXmag2 = mag($XXBB2vec); 
 
  if( $XXmag2 > 10 || $XXmag2 < 2 ) { 
 
   delete $group[$ttr]; 
 
   print ("Deleted " + $group[$ttr]+ ".\n"); 
 
  } 
 
 } 
 
  
 currentTime ($x2); 
 
/* 
 
$name = "TSRender" + $rrr; 
 
$name2 = "TTRender" + $rrr; 
 
$name3 = "TRRender" + $rrr; 
 
$name4 = "TQRender" + $rrr; 
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setAttr -type "string" defaultRenderGlobals.imageFilePrefix $name; 
 
render -x 720 -y 480 persp; 
 
setAttr -type "string" defaultRenderGlobals.imageFilePrefix $name2; 
 
render -x 720 -y 480 C1; 
 
setAttr -type "string" defaultRenderGlobals.imageFilePrefix $name3; 
 
render -x 720 -y 480 C2; 
 
setAttr -type "string" defaultRenderGlobals.imageFilePrefix $name4; 
 
render -x 720 -y 480 C3; 
 
$rrr++; 
 
 */  
 
} 
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APPENDIX C: Solid Music Oggle Script Structure  
////////////////////////////////////////////////////////////// 
 
// 
 
//   GLI - openGL Intercept Configuration file for using OGLE 
 
// 
 
////////////////////////////////////////////////////////////// 
 
// 
 
// (Note: all options are case sensetitive) 
 
// 
 
////////////////////////////////////////////////////////////// 
 
 
 
 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  Log Options: 
 
// 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  LogEnabled      - Enable function call logging 
 
// 
 
//  LogFlush        - If true, will flush the logger after each OpenGL call is made. 
 
//                    This is useful to catch a OpenGL call that crashes the  
 
//                    application. This only applies to text file logging.   
 
// 
 
//  LogPath         - Path to store the logged files. If not specified, files  
 
//                    will be stored relative to the GLI OpenGL dll. 
 
// 
 
//  LogFileName     - The name of the file to log to (without extension) 
 
//   
 
//  LogMaxNumFrames - The maximum number of frames that will be logged.  
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//                    This is useful for retrieving startup information from a  
 
//                    application or limiting the file size on apps that make  
 
//                    a lot of OpenGL calls (Note: This also affects per-frame logging) 
 
//   
 
//  LogFormat       - The format of the log. If equal to "XML" (without quotes)  
 
//                    will log in the XML format. Else, the plain text format is used. 
 
// 
 
//  XMLFormat::XSLFile - When the log format is XML, this option specifies the XSL file 
 
//                       to be used (if any). A XSL file usually formats the XML into a 
 
//                       readable HTML format. 
 
// 
 
//  XMLFormat::BaseDir - The base (or source) directory where the XSL file can be found. 
 
// 
 
////////////////////////////////////////////////////////////// 
 
 
 
LogEnabled = True; 
 
LogFlush   = True 
 
//LogPath     = "c:\temp\"; 
 
LogFileName = "gliInterceptLog" 
 
 
 
//LogMaxNumFrames = 200; 
 
 
 
//LogFormat   = XML; 
 
 
 
XMLFormat 
 
{ 
 
  XSLFile = gliIntercept_DHTML2.xsl; 
 
  BaseDir = "C:\Program Files\GLIntercept0_5\XSL"; 
 
} 
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////////////////////////////////////////////////////////////// 
 
// 
 
//  LogPerFrame Options: 
 
// 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  Enabled         - Enable logging per frame. If this is true, instead of  
 
//                    logging all OpenGL calls, the below frame start keys will 
 
//                    enable the loggers at the start of a frame. The loggers 
 
//                    will be disabled when the keys are pressed again and the next  
 
//                    frame is reached (see OneFrameOnly for other options). 
 
// 
 
//                    Output of logging is saved to a directory called  
 
//                    Frame_XXXX where XXXX is the frame number that logging 
 
//                    started. 
 
// 
 
//  FrameStartKeys  - The keys used to enable/disable logging. Valid values can be any  
 
//                    combination of 0-9,a-z,f1-f12,ctrl,shift,tab,lwin,rwin, 
 
//                    print,up,down,left,right,add,sub,insert,delete etc. 
 
// 
 
//  OneFrameOnly    - If enabled, will only log only one frame per key-press. 
 
//                    Loggers will be disabled at the end of the next frame. 
 
// 
 
////////////////////////////////////////////////////////////// 
 
 
 
// OGLE requires: 
 
//     LogPerFrame = True; 
 
//     OneFrameOnly = True; 
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// because OGLE logs vertices whenever GLIntercept is logging 
 
LogPerFrame 
 
{ 
 
  Enabled = True; 
 
  FrameStartKeys = (ctrl,shift,f); 
 
  OneFrameOnly = True;  
 
} 
 
 
 
 
 
 
 
 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  Input Files: 
 
// 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  GLFunctionDefines - The file to retrieve the OpenGL function defines from. 
 
//                      (The text header files that contain the parameters of OpenGL functions to be logged) 
 
// 
 
//  GLSystemLib       - The full path to the "real" OpenGL system library. This will be assigned 
automatically 
 
//                      so usually does not have to be defined. 
 
// 
 
////////////////////////////////////////////////////////////// 
 
 
 
GLFunctionDefines = "C:\Program Files\GLIntercept0_5\GLFunctions\gliIncludes.h" 
 
//GLSystemLib     = "c:\windows\system32\opengl32.dll" 
 
 
 
// Some applications don't seem to work with OpenGL32.dll in the system directory 
 
// so you can copy it into the application directory and rename it and uncomment below: 
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// GLSystemLib     = "opengl32.orig.dll" 
 
 
 
 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  Error Checking: 
 
// 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  GLErrorChecking - A OpenGL glGetError() is made after all appropiate OpenGL calls.  
 
//                    If an error is detected, the error code is logged to the current text/XML log next  
 
//                    to the function that caused the error. 
 
//                    (OpenGL Error context is still saved so application invoked glGetError() calls are safe)   
 
// 
 
//  ThreadChecking  - While GLIntercept is not currently thread-safe, (ie. So you cannot have multiple 
render  
 
//                    contexts active at the same time) enabling this option will perform basic thread 
checking.  
 
//                    (Will currently check OpenGL calls to see if they are made on the thread with the  
 
//                     active render context) 
 
// 
 
//  BreakOnError    - (used with above) Issue programmer debug breakpoint on an error. 
 
//                    Note that glIntercept alters the stack, so to get a valid call stack when debugging 
 
//                    you will need to step through some assembly (F10 on VC6) until the stack is restored.  
 
// 
 
//  LogOnError      - (used with above) Log all OpenGL errors to the GLIntercept error log 
(gliLog.txt). 
 
// 
 
//  ExtendedErrorLog - (used with above) Report all available data about the function the produced the 
error. 
 
//                     (ie. Full resolved parameters that were passed to the function are reported.) 
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//                     (Enabling this option will cause a severe slowdown even when no errors are produced. 
Only  
 
//                      enable when debugging specific errors) 
 
// 
 
//  DebuggerErrorLog - Mirror the contents of the error log (gliLog.txt) file to the debuggers' window. 
 
// 
 
////////////////////////////////////////////////////////////// 
 
 
 
GLErrorChecking  = False; 
 
ThreadChecking   = False; 
 
BreakOnError     = False; 
 
LogOnError       = True; 
 
ExtendedErrorLog = False; 
 
DebuggerErrorLog = False; 
 
 
 
 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  Image logging: 
 
// 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  LogEnabled    - Enabled the image logger. OpenGL textures are saved to the directory  
 
//                  "Images" under the main log path. Only the texture types specified in 
 
//                  SaveGLTypes are saved. 
 
// 
 
//  RenderCallStateLog - If enabled, each render call issued will list the currently bound 
 
//                       textures for all texture stages. (works with text and XML logging) 
 
//  
 
//  SaveFormats    - The image formats to save the textures in. Current valid formats are  
 
//                   PNG,JPG and TGA. Note that more than one format can be specified.  
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//                   (ie. (PNG,TGA) will save all textures twice, once in PNG format, once 
 
//                    in TGA format)  
 
// 
 
//                   Note on image formats: 
 
//                   TGA - Is pixel precise and is the fastest save format but is also the biggest.  
 
//                         TGA's are also not supported by web browsers (if you use XML with XSL to view 
the logs). 
 
//                   PNG - Is pixel precise and is slower to save but is smaller than TGA.  
 
//                         PNG's are brower compatable. 
 
//                   JPG - Is a format that does not save alpha and saves colors in a lossy format. 
 
//                         It is the smallest format and is slower to save than TGA's. 
 
//                         JPG's are brower compatable. 
 
// 
 
//  FlipXAxis      - The saving of textures is upside-down by default. Using this option will  
 
//                   flip the image before saving. 
 
// 
 
//  TileCubeMaps   - Cube map textures are saved as six individual images. Enabling this option 
enables  
 
//                   the six image to be tiled together (flattened cube shaped) and saved as one image. 
 
// 
 
//  SaveGLTypes    - The types of OpenGL textures to save. Valid options are 1D,2D,3D and CUBE. 
 
//                   Note: NVRect textures use the 2D option. 
 
// 
 
//  SavePbufferTex - This option enables/disables the saving of textures that are bound from a p-
buffer. 
 
//                   Note: P-Buffer textures are saved each time a p-buffer is bound to the texture. 
 
//                   (ie. no checks are performed to see if the p-buffer has changed) 
 
// 
 
//  ImageIcon->Enabled    - This enables saving a icon version of all images saved. (useful in XML 
browser viewing) 
 
// 
 
//  ImageIcon->SaveFormat - The format of the save icon images (TGA,PNG or JPG) 
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// 
 
//  ImageIcon->Size       - The size of the icons to save 
 
// 
 
////////////////////////////////////////////////////////////// 
 
 
 
ImageLog 
 
{ 
 
  LogEnabled  = True; 
 
 
 
  RenderCallStateLog = True; 
 
 
 
  SaveFormats = PNG; 
 
  FlipXAxis   = False; 
 
  TileCubeMaps= True; 
 
   
 
  SaveGLTypes = (1D,2D,3D,CUBE); 
 
  SavePbufferTex = True; 
 
 
 
  ImageIcon 
 
  { 
 
    Enabled=true; 
 
    SaveFormat = JPG; 
 
    Size = 40; 
 
  } 
 
} 
 
 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  Shader logging 
 
// 
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////////////////////////////////////////////////////////////// 
 
// 
 
//  LogEnabled    - Enabled the shader logger. OpenGL shaders/programs are saved to the directory  
 
//                  "Shaders" under the main log path. Supported types included ARB/NV vertex/fragment 
 
//                  programs and vertex/fragment GLSL shaders/programs. ATI specific vertex/fragment  
 
//                  shaders are not supported. 
 
// 
 
//  RenderCallStateLog - If enabled, each render call issued will list the currently bound 
 
//                       shaders (vertex and fragment). (works with text and XML logging) 
 
// 
 
//  AttachLogState - If enabled, attitional information such as compile/link state and additional 
 
//                   driver information may be attached to each shader/program.  
 
//                   (Currently only GLSL support). Note that enabling this option may force  
 
//                   shaders to complete compiling immediately.  
 
// 
 
//  ValidatePreRender - If the above AttachLogState is enabled, this option will perform a validation 
of 
 
//                      the shader before each render and append it to the log. Enabling this option will 
 
//                      cause the shader to be re-saved at each render call.  
 
//                      (GLSL only feature via glValidateProgram)  
 
// 
 
//  UniformLogPreRender - If the above AttachLogState is enabled, this option will dump all uniforms 
that  
 
//                        are active in the shader before each render. Enabling this option will 
 
//                        cause the shader to be re-saved at each render call. (GLSL only feature) 
 
// 
 
////////////////////////////////////////////////////////////// 
 
 
 
ShaderLog 
 
{ 
 
  LogEnabled = True; 
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  RenderCallStateLog = True; 
 
 
 
  AttachLogState      = True; 
 
  ValidatePreRender   = False; 
 
  UniformLogPreRender = False; 
 
 
 
  //Future formatting options 
 
} 
 
 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  Display List logging 
 
// 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  LogEnabled    - Enabled the display list logger. OpenGL display lists are saved to the directory  
 
//                  "DisplayLists" under the main log path. If a program has a lot of big glBegin/glEnd 
 
//                  sections in display lists, (ie 1000's of glVertex calls) the application may seem  
 
//                  un-responsive on startup as all these calls are processed on the list creation. 
 
// 
 
////////////////////////////////////////////////////////////// 
 
 
 
DisplayListLog 
 
{ 
 
  LogEnabled = True; 
 
 
 
} 
 
 
 
////////////////////////////////////////////////////////////// 
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// 
 
//  Frame(Buffer) logging 
 
// 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  LogEnabled    - Enabled the frame(buffer) logger. When enabled, each render call can  
 
//                  save the pre/post/diff frame buffer (color or depth) to view the changes  
 
//                  that the render call made. Frame buffer saves are written to a directory  
 
//                  "Frames" under the main log path. 
 
// 
 
//  SaveFormat    - The image format to save the frame buffer in. Current options are TGA,PNG, and 
JPG. 
 
//                  (see ImageLog::SaveFormats for a decription of the formats) 
 
// 
 
//  FrameIcon->Enabled - This enables saving a icon version of all images saved. (useful in XML 
browser viewing) 
 
// 
 
//  FrameIcon->SaveFormat - The format of the save icon images (TGA,PNG or JPG) 
 
// 
 
//  FrameIcon->Size    - The size of the icons to save 
 
// 
 
//  FrameMovie->Enabled - This enables a movie of the "post" and "diff" frame buffers to be saved. If 
multiple, buffers 
 
//                        are saved, they are tiled together. (This is useful to quicky inspect how a frame is 
composed) 
 
//                        The resulting movie is called FrameMovie.avi in the frame buffer directory. 
 
// 
 
//  FrameMovie->Size    - The width height of the saved frame buffers. (ie. (640,480)) The resulting 
movie will be  
 
//                        larger if multiple buffers are saved at once as they are tiled together. 
 
// 
 
//  FrameMovie->FrameRate - The frame rate of the saved movie. 
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// 
 
//  FrameMovie->Compression  - The list of compression codecs used to save the movie (usually 4 
letters). 
 
//                             The first valid codec is used. Special codecs are: 
 
//                             "menu" -  will display a menu for the user to select a codec. 
 
//                             "none" -  will use no compression. 
 
// 
 
//  ColorBufferLog - The color frame buffer save options. Options can include any combination of 
 
//                   (pre,post,diff).  
 
//                   pre  -  The frame's color buffer is saved before the render call 
 
// 
 
//                   post -  The frame's color buffer is saved after the render call 
 
// 
 
//                   diff -  The difference between the pre and post buffer saves is written. 
 
//                           (green represents pixels with no differnce. If the image is red,  
 
//                            no image differences were detected) 
 
// 
 
//  DepthBufferLog - The depth frame buffer save options. Options are the same as in 
ColorBufferLog. 
 
//                   (Note: Depth-buffer saving can be very slow) 
 
// 
 
//  StencilBufferLog - The stencil frame buffer save options. Options are the same as in 
ColorBufferLog. 
 
//                   (Note: Stencil-buffer saving can be very slow) 
 
// 
 
//  StencilColors - When saving the stencil buffer, it can be useful to save the buffer with color codes. 
 
//                  (ie stencil value 1 = red) This array supplies index color pairs for each stencil  
 
//                  value up to 255. The indices must be in order and the colors are in the format  
 
//                  AABBGGRR. If an index is missing, it will take the value of the index as the color. 
 
//                  (ie. stencil index 128 = (255, 128,128,128) = greyscale values) 
 
// 
 
////////////////////////////////////////////////////////////// 
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FrameLog 
 
{ 
 
  LogEnabled = False; 
 
  SaveFormat = JPG; 
 
 
 
  FrameIcon 
 
  { 
 
    Enabled = True; 
 
    SaveFormat = JPG; 
 
    Size = 40; 
 
  } 
 
  FrameMovie 
 
  { 
 
    Enabled = False; 
 
    Size    = (640,480); 
 
    FrameRate = 15; 
 
    Compression = ("mpg4","divx","none"); 
 
  } 
 
 
 
  ColorBufferLog = (pre,post,diff); 
 
  //DepthBufferLog = (pre,post,diff); 
 
 
 
  //StencilBufferLog = (pre,post,diff); 
 
  StencilColors = (0,0xFF000000,   //Black 
 
                   1,0xFFFF0000,   //Blue 
 
                   2,0xFFFFFF00,   //Light Blue 
 
                   3,0xFF0000FF,   //Red 
 
                   4,0xFF00FFFF,   //Yellow 
 
                   5,0xFFFF00FF,   //Purple 
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                   6,0xFF80FFFF,   //Bright Yellow 
 
                   7,0xFFFFFFFF);  //White (Note green is not used as that is the "diff" color) 
 
 
 
} 
 
 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  Function time logging 
 
// 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  NOTE: It is important to not mis-use the results of this logger. OpenGL is a very pipelined 
 
//        API and you can not optimize your code based on how long is spent in each function call. 
 
//        This logger is only intended for advanced users to determine where pipeline stalls "MAY" 
 
//        have occured and determine speeds of operations such as glReadPixels etc. 
 
// 
 
//  LogEnabled    - Enabled the timer log. When enabled, the time taken inside each OpenGL  
 
//                  function is added to the main log. (if enabled). The logging reports  
 
//                  in microseconds (millionth of a second). Only take these results as 
 
//                  approximate figures as GLIntercept will add a small amout of overhead.  
 
//                  (More overhead may be indicated in the functions wglGetProcAddress,  
 
//                   all wgl*(context) functions, glBegin,glEnd,glGetError) 
 
// 
 
//                  If you are using this logger to determine where pipeline stalls occur, 
 
//                  ensure to disable ALL other loggers (image/shader/frame etc) as these 
 
//                  loggers may cause pipline stalls. Also disable parameter logging by 
 
//                  not defining "GLFunctionDefines" and use flat text logging to get the 
 
//                  fastest logging possible. (and hence the most accurate results) 
 
// 
 
//  LogCutoff    -  The number of microseconds below which the time value is not reported. 
216 
 
// 
 
////////////////////////////////////////////////////////////// 
 
 
 
TimerLog 
 
{ 
 
  LogEnabled = False; 
 
  
 
  LogCutoff  = 20;  
 
 
 
} 
 
 
 
 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  Plugins 
 
// 
 
////////////////////////////////////////////////////////////// 
 
// 
 
//  BaseDir    - The base directory where the plugins can be found 
 
// 
 
//  Plugins    - Listing of all plugins to load (and the locations 
 
//               to load from) Under each plugin, plugin specific options 
 
//               can be specified.  
 
// 
 
// 
 
////////////////////////////////////////////////////////////// 
 
 
 
PluginData 
 
{ 
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  BaseDir = "C:\Program Files\GLIntercept0_5\Plugins"; 
 
 
 
  Plugins 
 
  { 
 
 
 
    // 
 
    // Name of plugin   |  Plugin load location 
 
    // {  Plugin specific options. (See the plugins' config.ini file for options) } 
 
 
 
    OGLE = ("OGLE/OGLE.dll")  
 
    { 
 
 // See Plugins/OGLE/config.ini or OGLE README for description of  
 
 // OGLE plugin config settings 
 
 
 
 Scale = 1.0; 
 
 FlipPolygonStrips = True; 
 
 CaptureNormals = False; 
 
        CaptureTextureCoords = False; 
 
 LogFunctions = False; 
 
 ObjFileName = "ogle"; 
 
 FilePerFrame = False; 
 
 FileInFrameDir = False; 
 
 
 
 TRIANGLES = True; 
 
 TRIANGLE_STRIP = True; 
 
 TRIANGLE_FAN = True; 
 
 QUADS = True; 
 
 QUAD_STRIP = True; 
 
 POLYGON = True; 
 
    } 
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// If your application uses Vertex Programs to position objects, they will not 
 
// be captured correctly by OGLE.  Uncommenting the following code will  
 
// disable Vertex Programs, and applications which only use the optionally will 
 
// still run.       
 
// 
 
//      ExtensionOverride = ("GLExtOverride/GLExtOverride.dll")  
 
//      {  
 
// RemoveExtensions = (GL_ARB_vertex_program, GL_ARB_fragment_program);  
 
//      }  
 
 
  } 
 
} 
 
 
Solid Music Oggle Script Configuration  
 
// Scale all vertex values by this amount 
 
Scale = 1.0; 
 
 
 
// Should we flip every other polygon drawn with TRIANGLE_STRIP 
 
// or QUAD_STRIP?  This is to correct the winding order which 
 
// determins the 'front' and 'back' faces of the polygons. 
 
// OpenGL does this by default. 
 
FlipPolygonStrips = True; 
 
 
 
 
 
// Should we capture the vertex normals from the application? 
 
// Maybe buggy, defaults to False 
 
CaptureNormals = False; 
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// Should we capture the texture coordinates (UV) from the application? 
 
// Maybe buggy, defaults to False 
 
CaptureTextureCoords = False; 
 
 
 
// Include function names/args in OGLE Plugin logging 
 
// (this is the separate log, not the actual 3D file output 
 
LogFunctions = False; 
 
 
 
// Name of the output file ('.obj' will automatically be appended) 
 
ObjFileName = "ogle"; 
 
 
// Similar to the LogPerFrame stuff in GLIntercept, you can capture a separate 
 
// .obj file for different frames, and have then named according to the frame sequence # 
 
FilePerFrame = False; 
 
 
 
// Attempt to place the ouput OBJ file into the Frame_###### directory that 
 
// GLIntercept creates.  This doesn't always work, so is by default set to False 
 
FileInFrameDir = False; 
 
 
 
// Whether or not to record for all the different OpenGL primitive types 
 
TRIANGLES = True; 
 
TRIANGLE_STRIP = True; 
 
TRIANGLE_FAN = True; 
 
QUADS = True; 
 
QUAD_STRIP = True; 
 
POLYGON = True; 
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APPENDIX D: Emosphera MaxMSP Visual Script Structure  
 
Figure D.1 : Main MaxMSP environment.   
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Figure D.2 : Spatial sensor environment. 
 
Figure D.3 : Human Compution environment. 
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Figure D.4 : Materials environment.  
 
Figure D.5 : Interactive Space environment.  
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Figure D.6 : OBJ models environment. 
 
Figure D.7 : Open GL Environment. 
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Figure D.8 : Navigation environment. 
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Figure D.9 : Sonic Environment. 
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Figure D.10 : Sound Structure Environment. 
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Figure D.11 : Granular Synthesis Environment. 
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Figure D.12 : Interactive Cells Environment. 
 
Figure D.13 : Group Motion (Boids) Guided Environment. 
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APPENDIX E: DVD Documentation of 57 Morphogenesis, Biophotonic Avatar, 
Nurbulations, Solid Music and Emosphera. 
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